Using the gLOWCOST Muon Detector Network to Study

Geomagnetic Storm Precursors and Geomaghnetic Field Variations

\&S’ E. Herath Mudiyanselage®, X. He®, T. Hettiarachchi®, V. M. Sadykov", K. C. Sanjib*, T. Singh®, C. -K. Yeh™
Geﬁm glaState "Department of Physics and Astronomy, Georgia State University
— **Department of Mathematics and Statistics, Georgia State University

Overview of gLOWCOST Network

Response to Recent Geomagnetic Storms East-West Asymmetry Measurement

e | * There is a Difference in CR Flux coming from

The gLOWCOST (global LOW—-COst cosmic 58 | | L

5 (2 L e I I SR N e the West compared to the East, which 1s well
ray muon detector network for monitoring of g s 5 - e T T known as the “East-West Asvmmetrv” of CR
dynamic changes in Space and Terrestrial £ b Flux y y
weather) Cosmic Ray Muon Detector Network, : | | | S S | | | '

. g &%, 20500 ® ’ ” Magnetic field

led by Georgia State - 2 This asymmetry arises

from the influence of
the Earth's
magnetosphere and

[=]

University, provides
continuous, ground-based
monitoring of  space

New Mexico
USA

Lorentz force

[ | .g g 20000 .
weather using a globally L 22 heliosphere  on  the
distributed array of - o directional propagation inceming cosmicrays
low-cost detectors cosmic.gsu.edu L of cosmic rays.
B 2600 - — East
28 2550 —
zi- 9750 E 2500
c
5531000 g 5450 ‘
“EJ'E 29000 E 2400
e 11500 | E 2350
E §_11000 8
5 10500 2300
o °* 2250
gLOWCOST network as of June 2026: 25 detectors I I Y I R R 7 70 7 7 1 1 19
distributed in 11 countries spanning 5 continents. T T Y etampwra . T

sLOWCOST muon detector network response for the two 12-hour moving average of East-West detector

Major strength of the sLOWCOST: Forbush decrease events and the GLE event in November configuration data from 2025-10-19 to 2026-05-19
) ) 2025. (6 months)

* Portability and easy installation — an
casily scalable network. 8 . il
» Ability to  capture  geomagnetic \ """"""" / D “‘”/ SR
disturbances on a global scale. oy / .
: : = " : //vl o
* Broaden the range of primary energies | se| g | g :
- ! S I T < B £ 24
sampled by ground-based cosmic ray | \ 3
-0.5 -0.5 \\ //I T |
measurements. N O
) rvatory, NM ~ g © W —_
Key Observations: B e s s § —21 Normalized Asymmtery % = (I(/V s /)2 x 100
=
* (lear observations of associated Forbush R I E R B ' ' ' .
d S S S 2 S R I
CCICASCS. Illustration of asymptotic directions in the GSE (Geocentric o7 ’ 7 ’ ’
* Detectors in North America registered the Solar Ecliptic) for 10 GeV incident protons for the Normalized asymmetry variation from 2(25-10-19 to
Ground-Level Enhancement (GLE) event gLOWCOST detectors considered for November 2025 2026-05-19 (6 months)
! events. o cn .
in November 2025. 02| ® s e
. rT Pressure Corrected Hourly Counts (%) S— ~=- sine 2::2:5:;; /.,z ® ‘.\\
* Forbush decrease amplitudes ranged from 5 | P T et Y Y A o | Imm, 3 e N
: : 3 TR RS R : : o N
approximately 0.9% to 4% during the &~ T e Vi =
November events and from 2% to 7% i - L 4 | == B y " e A
. § 0 i "-,&?-?f',"“ Vgt 4 ok H'a“, e "{"::;"-_.' s .,}.}g:i-h AR 1}%"\&‘ ;.'#:5 T it L g :\ L2 /,, iy ’
during the January event. i | " I L e A N ra.
Current Study : i — : N
» Searching for precursors of the 2. o Ui i, st e AR : e
Eg 'y f\% ARt 1 w4 SIS I.Js:i?_w:_;u;;"s :’V’ﬁ?-‘.".‘:.*- ! *\ e -2 »
geomagnetic storms with the pitch angle = . . . o Y
concept to mmprove the predictions of ¢ | L ey o T 5 : e 5 %
. . . ﬁg o W ""v”‘uf#"‘,-'mf'm I#'i‘r,w‘,ﬁ;”, il \ J‘;b.,&""v:g‘,'«,{ BT i O L LA ; y .;“,,*,‘.,‘—w"-‘»’#r"'ﬂ' ek ';t.?a‘ w*'“.,\,"}5,.\‘;“%,-\‘.&.'""fv& Yl & Hour of the Day (UTC)
arrival time and  geoeffectiveness of %5 . ’“ , o ,
2 Daily variation of East-West detector configuration for

' AL
' Nl
R g
| l'.“"-.l’
[ v
Vo
L
4
S -10 T T T T T - T T T T
[ )
] " R=487
" ;,r,._""\.s,'vl""- P :
4 . P 71, T ) u:v“'l o " 1 P " .4\?
iNogr, Sl eyl DI T POl v‘ Y ' v/l v W . Ve
|,!‘.'\ X RO A '\‘, I 1" --N’IIF. Ny "I'I-’ W HE ) , 1'\,'-'\ i ) [T \'n"

the 6- month perlod

. . - p i 1 ik 4';".%’3‘”“4‘ 3 : " Mo/ 1 1o 140
* Understanding the correlation between — 55 ¢ T A BT L
.(=U 5 :;1\“ H “l'
asymmetry measurement and ° | | | | T | I Ee
84.3885°W
° ° ° 5 R =498
geomagnetic field variations. PR e T S R P P
53 e b
oV s i."":.lg’\"\?' i B
o 1 - —l~\.~
=10 T T T T T T T T T ,‘ \\‘
WeStwa rd B l. 5- | w N ) ‘,/ \\
K aseline < Hig iy i ! '
D ete C'F;)r Detector Dete ctor ég 0 & '}!fz‘f' i ’ ) c.'r'{.{‘, (hin 4 ?fl "ﬁ «1 ‘ 3} 5.5 t' ? 5} w) o 3 1: . '-,-r'""q."‘:lr'!%‘Y‘r;{f""’;'%}\,ﬁ-‘@‘.‘,‘fH“ a\;‘u W -I.R, ?)L '}'}‘H"‘ ‘{"‘; % . o ’ !
‘ : seby 00! f O e ,
o ®\ " ga 5 :'::i'-.'.“',g',-'..d = § 5 0/” ° y N \\ ._;,-' o-~-g.
\ i a \\\ O ! \‘\
-10 a 1 LN ’ 5| o
I 5 | 5 : o ' , R=1073 "2 AN - ‘. . A o, .
":<.~;'3‘ " b A\(u \'- ...« il‘fé ;4 Y - ; O L P T N A SR Y S A\ \\v ‘ O\*
%i 0 il R i;‘ AR et AR f - (L;:,a_.wi& T o P ki Lk S O . LN e . 2
=m i S A R I ¥ o S T \ P e
L= 5 LY = ° PR N [ 4
- :‘Sl | =] ~ al ," ‘ o,
Vi - LN pos
-10 | k | 0 _s5 e o0 Y e o >
. [ ! =) / S
5 | G f ; 5" LL{ U' ) z L A ! o b b bt pfch .3!4‘ Hida ok B b 4 A 1 .lé ”_gr 0 g prop— ) //‘ °
8 & ‘ﬁ’ i :”r ;i i RS T ke ‘,ﬂ;b,g.{;f::,f:%;\,:é,vim;vnqa-.sﬁg‘.ﬁf-k;; A i‘ AR < . coEsis " y
2 . AL A O ey <
(7] ‘ E —-=- Sine FitforGOyES-18ry \\‘I.\ a ,'/
-10 1 ‘)I g. 3, 1. ‘\’. ‘)l q ‘&l -—- Sine Fit for GOES-19 T
6,0\’0\’ 3O 2O ¢ e o> 6,0\/1 6,0‘/l 60\1 601 0 5 10 15 20 25
AoF AoF 0 AoF 0 AoF AoF AoF N Hour of the Day
sLOWCOST East-West detector configuration in Atlanta, sLOWCOST muon detector network response for the Comparison of daily variation of asymmetry with total
USA January 2026 geomagnetic storm. magnetic field data from GOES magnetometer

Acknowledgement: GSU RISE initiative to establish the initial phase of the gLOWCOST network expansion, and financial support by the SHINE to attend the workshop. SHINE Workshop 2026, Madison, Wisconsin



