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Extreme Space Weather Eveots aod Their Impact

● Initense magnetcP acPtviity on itte Sun 
cPan resulit in itte sudden release of 
energy as solar fares (SF)

● Tte primary mecPtanism for itte 
formaton of solar fares is magnetcP 
recPonnecPton, wticPt involves itte 
recPonfguraton of itte Sun’s magnetcP 
feld lines

● Solar fares are a signifcPanit sourcPe of 
energetcP partcPles acPcPeleraited from itte 
Sun

● Solar fares are frequenitly followed by 
ejecPton of cPoronal plasma and 
embedded magnetcP feld

● Ttis ptenomenon is known as cPoronal 
mass ejecPton ((CE). 

● Cany (CEs eniter initerplaneitary spacPe, 
ait wticPt poinit are referred ito as 
initerplaneitary cPoronal mass ejecPtons 
(I(CEs)

● DirecPited itoward Earitt, SFs and (CEs 
cPan tave signifcPanit efecPits on near-
Earitt environmenit

● Ttese efecPits incPlude poitentally 
tazardous impacPits on many man-made 
sysitems and itecPtnologies widely used 
itoday
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Sources of Solar Energetic Particles

● Boitt SF and (CE cPan resulit in 
acPcPeleraton of solar proitons

● Depending on itteir propertes and 
acPcPeleraton mecPtanism we distnguist 
itwo cPlasses of solar energetcP partcPle 
(SEh) evenits

● Impulsive SEh evenits are observed in 
itte absencPe of (CE relaited stocPk waves 

● Gradual SEh evenits are assocPiaited wiitt 
(CE driven stocPk acPcPeleraton

● Additonally, energetcP sitorm partcPles 
(ESh) cPan be acPcPeleraited by stocPk locPally 

 Cany spacPeborne probes are 
cPonducPtng in-siitu moniitoring of 
proitons, ions, and elecPitrons fuxes

 For our analysis, we tave utlized daita 
from itte SOHO/ERNE insitrumenit 
siituaited ait L1

 hroiton fuxes are available in 20 energy 
cPtannels, cPovering itte range from 1.3 
CeV ito energies above 130 CeV

ttp://spacPeweaitter.uma.es

ttps://soto.nascPom.nasa.gov/

Desai and GiacPalone (2016)
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Effects of Coronal Mass Ejections on Primary Cosmic Rays

● hrimary cPosmicP rays ((Rs) are a fux of 
partcPles of mainly galacPtcP origin

● In initeracPtons wiitt our aitmosptere, 
ittey generaite stowers of secPondary 
partcPles ittait are deitecPited by ground-
based deitecPitors

● hassage and itte stocPk of an I(CE 
following an exitreme solar evenit 
modulaite itte fux of primary cPosmicP 
rays in itte teliosptere

● Tte resultng sudden reducPton in (R 
initensiity, followed by a gradual 
recPovery ptase as a Forbust DecPrease 
(FD).

● FDs are cPlearly observable in itte fux of 
secPondary (R partcPles, partcPularly if an 
I(CE is direcPited itoward Earitt, and cPan 
be deitecPited by ground-based deitecPitors

●  Tte itwo mosit cPommonly used itypes of 
insitrumenits for moniitoring secPondary 
cPosmicP rays are neuitron moniitors and 
muon deitecPitors.

Cane (2000)

Arunbabu et al. (2022)
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Determination of Energetic Proton Fluence

 As (CE cPan simulitaneously be 
responsible  for boitt itte incPrease 
in energetcP proiton fux and itte 
FD, we investgaite itte poitental 
cPonnecPton beitween itte itwo 
inducPed ptenomena

 To descPribe itte efecPit on energetcP 
partcPles we focPused on itte stape 
of fuencPe specPitra.

 To precPisely deitermine itte tme 
initervals assocPiated wiitt itte 
passage of itte specPifcP (CE 
fuencPe specPitra initeplaneitary 
magnetcP feld (ICF) and (CE daita 
(provided by itte WIND saitelliite) 
were used
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Energetic Proton Models

 FluencPe specPitra tave a stape ittait may 
involve a cPtaracPiteristcP “knee” or a 
“bend” in itte specPitrum 

 We presenit ittree models developed 
ittait descPribe ittis stape

dJ
dE

=AE−γ exp(−
E

E0
ER )

dJ
dE

=AEb−1exp(−
E

E0
W )

b

dJ
dE

={AE
−α exp(−

E
EB ) , E⩽ ( β−α ) EB

AE− β [ (β−α )EB ]
β −α
exp (α − β ) , E> ( β−α )EB

 Ellisoo-Ramaty model
 Developed ito descPribe partcPle 

acPcPeleraton in initerplaneitary stocPks
 Involves exponental roll-over

 Weibull model
 Has itte form of a itwo-parameiter 

sitreitcPted exponental
 SucPcPessfully used ito descPribe SEh specPitra

 Baod et al. model
 Developed ito descPribe gamma ray bursit 

specPitra
 ExplicPiitly itreaits itte “knee” feaiture
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Model Comparison

● We tave made a selecPton of 20 evenits in itoital ittait 
cPover a period from 2001 ito 2017 ittait involved a 
distncPit FD and a cPoncPurrenit incPrease in energetcP 
proiton deitecPited

● Evenits were fted wiitt all ittree funcPtons

● Two evenits are stown ito illusitraite itte performancPe of 
diferenit models

● Band funcPton was found ito descPribe itte specPitra very 
well, especPially itte region around itte “knee”

● Ellison-Ramaity and Weibull model are overall 
cPomparable, wtere individual beter performancPe 
depends on itte specPifcP evenit
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Correlation Analysis (1)

● To esitablist itte assumed cPonnecPton beitween itte 
stape of energetcP proiton fuencPe specPitra and Forbust 
decPreases we situdied itte relatonstip beitween specPitral 
indicPes from ittree selecPited models and FD magniitudes

● Cagniitude M is itte FD magniitude for 10GV partcPles 
cPalcPulaited using itte GSC meittod (developed by itte 
IZCIRAN researcPt group) using itte measuremenits by 
itte world-wide neitwork of neuitron moniitors

● Cagniitude MM is itte FD magniitude for 10GV partcPles 

cPorrecPited for magneitosptericP efecPits

● hloits stow dependencPies of FD magniitudes M and MM 

specPitral indicPes α, γ and b

● July 2004 evenit (cPircPled in red) was excPluded from itte 
analysis
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Correlation Analysis (2)

α β EB EB* γ E0ER b E0W VC Vmax Kpmax M MM

α 1.00 -0.18 -0.46 0.04 0.83 -0.47 0.84 0.82 0.68 0.69 0.40 0.83 0.71

β -0.18 1.00 0.21 -0.61 -0.44 0.47 -0.53 -0.27 -0.08 -0.10 -0.04 -0.07 -0.20

EB -0.46 0.21 1.00 0.52 -0.19 0.86 -0.37 -0.09 0.00 -0.05 -0.33 -0.23 -0.32

EB* 0.04 -0.61 0.52 1.00 0.47 0.18 0.37 0.42 0.37 0.28 -0.10 0.15 0.12

γ 0.83 -0.44 -0.19 0.47 1.00 -0.42 0.96 0.95 0.78 0.74 0.46 0.77 0.73

E0ER -0.47 0.47 0.86 0.18 -0.42 1.00 -0.61 -0.27 -0.14 -0.14 -0.32 -0.33 -0.38

b 0.84 -0.53 -0.37 0.37 0.96 -0.61 1.00 0.90 0.72 0.70 0.45 0.76 0.70

E0W 0.82 -0.27 -0.09 0.42 0.95 -0.27 0.90 1.00 0.87 0.82 0.47 0.84 0.70

VC 0.68 -0.08 0.00 0.37 0.78 -0.14 0.72 0.87 1.00  0.94 0.55 0.81 0.54

Vmax 0.69 -0.10 -0.05 0.28 0.74 -0.14 0.70 0.82 0.94 1.00 0.48 0.80 0.52

Kpmax
0.40 -0.04 -0.33 -0.10 0.46 -0.32 0.45 0.47 0.55 0.48 1.00 0.47 0.66

M 0.83 -0.07 -0.23 0.15 0.77 -0.33 0.76 0.84 0.81 0.80 0.47 1.00 0.78

MM 0.71 -0.20 -0.32 0.12 0.73 -0.38 0.70 0.70 0.54 0.52 0.66 0.78 1.00

● (orrelaton analysis was used ito quantfy itte 
observed relatonstip

● Oitter ittan β wticPt stowed negligible 
cPorrelaton, oitter specPitral indicPes are 
signifcPanitly cPorrelaited wiitt FD magniitudes

● (orrelaton cPoefcPienit beitween α, γ and b 
and M are cPomparable wiitt ones for 
selecPited (CE and solar wind parameiters

● (orrelaton cPoefcPienit beitween α, γ and b 
and MM are more signifcPanit ittan for any 
oitter parameiter

● Roll-over and cPuit-of parameiters extibiit 
modesit ito low cPorrelaton wiitt specPitral 
indicPes and/or FD magniitudes wiitt, itte 
excPepton of E0

W (Weibull funcPton)
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Conclusions

■ We investigated the assumed connection between the concurrent CME-induced variations in energetic proton and 
cosmic ray fluxes

■ Intervals in energetic proton time series directly related to the passage of CME were established using WIND satellite 
data and used to calculate the proton fluence spectra

■ Three different models used to describe the energetic proton spectra were compared, with spectral indices obtained from 
the fits used to parameterize the spectra

■ The correlation between spectral indices and FD magnitudes was studied to establish the relationship

■ A significant correlation, comparable to other parameters known to have large correlation with FD magnitude, was 
established for several spectral indices

■ Correlation found between spectral indices and FD magnitude corrected for magnetospheric effects was more significant 
than for any other parameter
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