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A Brief Overview

Worldwide Cosmic Ray Muon Detector Network

Xiaochun He
On behalf of the GSU RISE Team

Department of Physics and Astronomy

Georgia State University
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Finding GSU on Map
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City of Atlanta
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Interdisciplinary Research Team at Georgia State University

s 1 condense , 1 geoscience
2 solar physicists ... 3 computer science faculty
| matter Rhysmlst N facmAJIty

| _ \ | | |

GaTech faculty
Env. engineering

4 nuclear physicists
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In addition, we
have a number of
undergraduate
and graduate
students who are
making critical
contributions to
this project.




Our Living Space
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Cosmic Ray Project at GSU

Cosmic ray Applications of
detector cosmic ray flux Students training
development measurements

Cosmic ray shower
simulation

( Solar Activity Variations

: Apparent Link

! Space/eart

monitorin

()

Cosmic ray flux measurement at global scale and the associated aj

Radiation & health
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Cosmic ray muon detector description Simulated scintillation process

20 Cm wavelength shifting fiber
Layer-1
(ch0)
— >/ | 13 cm
Layer-2 [ENSSEINPIERSSS(— 0 e —_— -.
(chl) ~ =

) 8 channels

=l ‘Raspberry PI
- (config and readout)

The cosmic ray muon detector consists of three layers of plastic scintillator (20x20 cm?2). Its dimension is shown in the figure
above. Scintillation light is generated when a muon particle passes through the scintillator, which is recorded by a silicon
photomultiplier (SiPM) mounted at the corner of the layer. The voltage of the SiPM is supplied by a small PCB which is

mounted on the Raspberry Pl (credit-card-size low cost computer). The detector automatically starts data taking once it is
powered up. One needs a network IP address in order to share the data and reconfigure the detector with remote access.

Prepared by X. He on 8/15/2023

It is cheaper to buy this detector than to buy an iPhone!
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A global network of
cosmic ray detectors is
a key to success
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(1) Primary cosmic ray particles mostly have galactic origin. Solar energetic
particles (mainly protons) can contribute as well.

(2) Amount of cosmic ray particles reaching the
top of the earth atmosphere is affected by the
solar activity and the state of the magnetic field.

Geomagnetic field lines

Impact of space weather on earth is a global phenom

Cloud
formation

Variation in cosmic ray flux at ground level reflects the effects of the space and terrestrial weather

Zoom in cosmicra

(b)

/ ;S

[

pcondary cosmic ray particle-

y shower

[

uc__t‘i_Onin'..atmosghe_rgég 5 km

/ = - §
: -.-.,‘.,4 R ,: g ;')- :
P e

Triggering
lightning

3/13/2024

Space weather

monitoring

WACR2024 in Atlanta

Y

Terrestrial weather

monitoring

10



Greenland ,

Y 4
N

Mt Wilson, California

Algeria | |ipya Egypt; = *Pakistan TR o
i ~ . 'Saudi I

I S Arabla, 57t AN o 5
__\Mali TNiger | [ sydan T—" 2R T-'"“a" |
Mo A Chad N B -

vﬂ Nigeria A thiopia-,
% > dent ; - = o Kenya ~>~A* 3 3 e .

i-' L ~ T, - ,‘JW" RV : Papua New

} Cosmic ray muon detector description Simulated scintillation process _Guinea

/‘ wavelength shifting ficer

. - . ‘ spberry PI
Santa Marta, Colombia R =] hfig and readout)

3/13/2024 WACR2024 in Atlanta




4 ey = T 4 i IG'IIP‘\I-" v wWilhlEiTNNE Y TN \I\" LA
& i , : g Hourly Counts %
% 2 ¥ 7‘2! l#.i A 'E:’..qk o ;s ;R‘ g 2 i .‘-
Wy i ey o ¥ 1 1 f i
6 :. ‘?’;E ’: ‘,J}il' -~ kg. oy H { ! 3 \ 4 ;."' é-‘:“k } H ;"y'% & 6 3 "'tv\-“ Q::‘ L" isf":l! /
it 0o VR A BN Nere e 1 [N, fa e d n 3 £ 1% o, TR | :“-"-: i
& 0 o s M B4 “f‘h £ Pty T $~ lirx.f. b 'ir-: «1 v ﬁ"‘i’ : r@-: &0 fh g E A
© ’ N HEA R, i YR (LN " , ln,». .; ' i&vl:"’l 'L‘:":“h\' y v i Wl T ~ T © g“h e “'l ¥ 5 /
R \ J1TR N TV Tl v ". ' ERT AR : | R A B (T N Y
S , Ci e ::-* -i‘, TRARS ! iy x_z. 1 f i 1/
] (Th i § X \/
_— . .
w4 ¥ g
| y | | | | | | . |
-6
' y : d " ! ' o A Al a2 20 22,0 o o
® A3 A »n 25 29 o> R ® N N 5 OF N i or WOV o o
ov o or or or oF, o¥ o o ob ol ol ol ov o A0F oV or
X [S [S [S X X S [S % 7 G % % 7207 9 % %
2% 2% 2% 2o 29 20% 0% 2% 29

Greenland

\%

Y
"Tirkiye -

| )
54 Ifaq \

\

£ - 5 ‘“ i
South Korea

—

¢ X =
}\/Algerla i Libya Egypt, Paklstan TN

, ‘Y

‘Saudi Arabia -

v_<’

, g
\\\ ™

Ny \
Mali | nger /
< c

/7

| sudon. T—"

Santa Marta, Colomb

20
20
15 Scaled Temp(0.5) %  -—-- Scaled Alti. (x10)% .
TR Ty RS eSS | OSSSa, | [SoTeee . Hourly Counts %
2 7] 1 ) l & 101 : b :
© i, 1,8 | i N = Fyn : A
B P T AT AT, ‘ Al w o ' T 5] , W ML f ,L A S
[¥] i LA Al A ) u‘ ,! f& -f"‘-' .,'| *‘.,‘! | ,'-‘ 2 5 t’* Pt ARAM JI' " % ¥i % LT ?\ Y
A E— R LY AT Y i / TN A.(" N "" VNSRRI ANY h " ',".‘ '- A Hi 4 i ;og:‘ Wiy A A o WL
5 o THL — PR AT AN lWi SR A M n'; *4 :‘ 4 y ! *"f*w 3 o :«:«}"f LR ﬁ,f“k *Tw‘ w’aw? \;‘f,.; ..}« J\, ,.,” b gt iR MR Lk Ay
® -5 = B i S .. 4 i £ 5] . A i iAd /L TMURUTN VY VPR Y B
5 ’ E x W i ! L,-"":' 1 WoOTW N B |
- =10 4 N =2 104 L ) v H v
r = Scaled Temp(0.5) %  -—-- Scaled Alti. (x20)%
- i 15 e Hourly Counts %
-20 . . . . . — ; : -20 . ; ' . — '
) . ) ) ) ) ) o 3 9 o & o
P &,o'l"’ ,,01“' ho‘l"l u-°1"1 '01.:&_0 °"0,,).0 a.—°1"° o 0 ? N N N &'01.1 N '01.;1' o a.—°3'° o.»°3'°
,Lo'l ,101 ,10'1- ,101 10’1- 10’1« ..LQ'L ,.LQ’L ,LQ'L 101- ,101 ,Lo'l 101 101 101« 101 101 10’1




Expanding the Network

w.

Greenland %

2
-

Papua New
Guinea

3/13/2024 WACR2024 in Atlanta




Many thanks in advance to join
us for building this network. We
hope that someday there will be
one detector in every country in

the world, including at the
earth’s low orbit.
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