Anisotropic Forbush decrease of 24 March 2024: First look
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A strong Forbush decrease, i.e., suppression of the flux of galactic cosmic rays recorded on
Earth, was observed by the global network of ground-based neutron monitors (NMs) on 24-25 March
2024. The decrease was very unusual as characterised by so rapid recovery that a false Ground-level
enhancement (GLE) alarm was produced by the corresponding warning systems. Here we present
the first comprehensive collection and analysis of the available data for this event, including data
from the Princess Sirindhorn Neutron Monitor (PSNM) in Thailand. The event was highly anisotropic
as exhibited in a 3-h spread of the deep-phase timing for different NMs. The anisotropy was focused
nearly at the anti-sunward direction with a narrow cone of 20-30. The heliospheric situation leading
to this unusual Forbush decrease was quite complex. An analysis of first look records was performed,
considering the stations acceptance, taking into account the complex geomagnetic conditions. A
leader fraction analysis indicates that the recovery phase of the event was rigidity-independent and
had essentially the same spectral shape as the pre-event period. A summary of the solar-terrestrial
phenomena is provided to assist in future work on modelling this complex event.

¢ P v ¢ U a 8 adou = Yo
miamaQLLUUWamﬁn HGHRIR0] ﬂ’ﬁa@aﬂiuwaﬂ%sﬂaﬂawﬂqﬂiﬂaﬂaﬁﬂﬂﬁ]"lﬂﬂ’]LLﬁﬂQj‘WUu‘Wﬂ‘Ulﬂaﬂ 1@'3@

=

MIELATBYILLATRINTIVINTINTOUSEAURUAWIILAN WeTun 24-25 1.a. W.A. 2567 LAUN1TANAIDLIUIIATY
1 Reundlunsindndiiunduanlmiegnass aunseadimsidouinindunisifiuseauiiuiy (ground level
enhancement) YB4BUAIANGINUAIIINANDWIAG NTULTNAUBNITTIUTINLALIATIRVITBYATRUAUA MY
winnseliduasasn  suvisdoyanaontinsaindinseudiuss (PSNM) Tulsznelng  smuany
wansisEntundngfunainiienieeing 9 dsnusnglunisnszaneds 3 wludunainundndmandniuud
= i a = D U oa a ¢ S v

avaonll  Tegunndrsluiiamaiounssdwiuiiagniieniind  aelunsieiindeussina 2030 99
anunsallussuugtesndudounnnegiUsmdinisanauuulesysiiaundtl  slidesiendeyawuy
“dondowy” udr leeddaiinsnevaussvesunavandaedidnsain  auldan mauuwivanland
Fudeu N1TIATIEN leader fraction Us¥in dnwaeidndiiunduinlmslivilouiudmsuaynianindsnu
! a o IS5 ! ! a L3 ' a & 1 P dy !

#19  wazdlanasumileuludnneunansuvgnisal sldasunansenuainaiefindselaniiveyituse

' [V
v YV v a

wuudnaesdmsumansaidudounsall


https://doi.org/10.1016/j.asr.2024.08.027

0.842

0.840 MWSN
0.838 P.=0.25 GV

ion

= 0.776 30 ma.s.l
® 0.774 A WA A,y PSNM
E 0.772 f\Wn' M V‘ Wpc =16.6 GV
o
§ 0.750 2560 m a.s.l.
0.748 SOPO
0.746 P.=0.35 GV
0.744 2820 m a.s.l.
0.742
0.480 8
.
0.475 P
g
0470 O
| 1 | I |
21-Mar-24 25-Mar-24 29-Mar-24

uT

Fig. 10. Indicators of changes in the cosmic ray spectrum during the FD
using time series of hourly data from selected NM stations. Top: Leader
fraction, which serves as an indicator of the spectral index, from MWSN,
PSNM, and SOPO. Bottom: The count rate ratio between bare counters
and a neutron monitor at the South Pole (SOPB/SOPO), another
indicator of the spectral index. The decrease in the spectral index, i.e.,
hardening of the spectrum, is consistent with a much stronger Forbush
decrease at lower cutoff rigidity. Note that on March 25 the spectral index
rapidly rose back to the pre-event trend, while the count rates took several
days to recover, indicating that the recovery phase had essentially the same
spectral shape as the pre-event period. Note also that PSNM at cutoff
rigidity =17 GV exhibited no clear change in the leader fraction,
indicating that at high rigidity the spectral shape was unchanged
throughout the event.



