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Cosmic Ray Muon Count Dataset from Siziwang
Station in Inner Mongolia (2023 —2025)

CHENG Yonghong'  ZHONG Qiuzhen'>  ZHUANG Chunbo'  SHI Ligin"”
SONG Xiaochao' =~ WANG Jing' SHEN Hua'  WEI Lihang’

1(State Key Laboratory of Solar Activity and Space Weather, National Space Science Center,
Chinese Academy of Sciences, Beijing 100190)

2(School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing 101408)

3(Unit 96941 of the Chinese People’s Liberation Army, Beijing 100085)

Abstract The Muon Telescope at Siziwang Station in Inner Mongolia is used to detect the secondary cos-
mic ray muons reaching the ground. The Muon Telescope began construction in November 2019, was complet-
ed in April 2023, and produced scientific data. The muon telescope consists of a scintillator observation stack,
an electronics recorder, a monitoring platform, and a power supply. The scintillator observation stack is com-
posed of 48 detector units, divided into upper and lower layers with 24 units in each layer, arranged in a 6x4
array. In each detector unit, the plastic scintillator has dimensions of 50 cm x 50 cm x 5 cm. The distance be-
tween the upper and lower layers is 89 cm. A 5cm-thick layer of lead bricks is laid between the upper and low-
er layers to filter out low-energy cosmic rays and low-energy particles in the surrounding environment. The de-
tectors have a total area of 6 m”. Muon signals generated by the 48 detector units of the Muon Telescope are
processed through front-end circuits for amplification, discrimination, and shaping, then sent to the FPGA log-
ic circuit for directional coincidence calculation. This produces raw muon counts in 15 directions. After under-
going barometric correction calculation, a dataset of corrected muon counts in 15 directions is formed, with a
temporal resolution of 1 hour. The count rate in the vertical direction is the highest, with the 1-hour count
rate being around 600000 counts and the relative statistical error approximately 0.13%. The muon data can
sensitively reflect diurnal variations, long-term variations of cosmic rays, and short-term Forbush decrease per-
turbations induced by coronal mass ejections. Spanning from May 2023 to April 2025, this dataset covers the
high-activity phase of the 25th solar activity cycle. It provides valuable data resources for research on solar
eruptions, their interplanetary disturbance propagation, and geomagnetic response processes, while also sup-
porting space weather early warning efforts.

Key words Cosmic rays, Siziwang Station, Muon Telescope, Muon counts, Forbush decrease

Dataset Profile

Title Cosmic Ray Muon Count Dataset from Siziwang Station in Inner Mongolia (2023 —2025)
Data Corresponding Author ZHONG Qiuzhen (zhongqz@nssc.ac.cn)

Data Author (s) “YgﬁlaN](l}ng’Oél %%%—IE&ILI(\)?\NE(% I(?lm;r}llgn ZHUANG Chunbo, SHI Ligin, SONG Xiaochao,
Time Range 2023—2025

Spatial Range Siziwang Station in Inner Mongolia (111.9°E, 41.8°N, 1444 m)

Data Resolution Time resolution of 1 hour

Data Volume 2.5 MByte

Data Format *txt

Database/Dataset URL https://doi.org/10.57760/sciencedb.28632

Source (s) of Funding XStAr?gggGi(SjlliD(g;‘)rity Research Program of Chinese Academy of Sciences (XDB0560203,

This dataset consists of one data file, with a time coverage from May 2023 to April 2025.
The data file is composed of a file header and a data re(‘()r(% section. The file header records
information such as the station, equipment, data level, start and end times of the data, and
sampling rate; the data record section is stored in rows and columns, with a temporal
resolution of 1 hour. Each column corresponds to the year, month, day, hour, and muon
count data in 15 directions, respectively

Dataset Composition
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Table 1  Angles and combinations of 15 incident directions for cosmic ray muons

75 FREAANAEGHT HEH  ASHME
1 U1L1,UsLy, ULz, UyLiy,UsLis, UL, Uz L7, UsLg,UgLg, U1gLitg,U11 L1, U1aLi12, U133, U4 Lig, 24 \4
Ui5L15,Us6L16,Ur7Lia7,U1sLis, U1gLiig, UsoLiog, Ugi Loy, Unaliog, UagLiog, Usy Liny
2 UiLs,UsLg,UsL7,UyLg, UsLg,UgLig, UzLy1,UgLi2, UgLi3,UgLig, UriLis, Uialis, UrsLaz, 20 30°N
U14L18,U15L19, U610, U17Lia1,U1sling, UL, Uagliog
3 UsLy,UgLig,U7L3,UsLy, UgLis,UsoLig, U1 L7, UiaLig, UL, U14Liyg,UssLlin, Ui, UrrLas, 20 30°S
UisL14,U19L15,UsgLing,Uarlinz,UsaLiig, Uagling, Uaaliao
4 U,L1,UsLs,Uyliz, UgLis, Uz L, Ugliz,U1gLg, U1 L1, U1l 1,U14L13,U 15114, UsgLas, Urglaz, 18 30°E
UigLig,Uzoliig,Uaolior,Uazliog, UsyLing
5 UiLy,UsLi3,UsLy, UsLs, UgLiz, UzLg,UgLiyg,U1gLis, Ui Lo, Uiy, Uigliys,Uss L, UrrLis, 18 30°W
UisLi19,U1gLiag, Uz Liag,UaaLiog, UazLiog
6 UsLi5,U3Le,UyLi7,UgLg,U7L1g,Usliy1,UoLis, Ui Lina, UraLlis,UaLiy7, UsLis, Usgliag, UisLliar, 15 39°NE
UigLig,Uggliog
7 UgLi1,UrLy,Ugli3,U1gLis, U11L6,U1oL7,U14Lg, U510, U1 L1, U1sLis, Urgling, UsgLlis, Usaliy7, 15 39°SE
UasLig,Ualiyg
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UsalLiig,Uasling
10 UiLg,UsLio,UsL11,UyLiy9,Us L3, UgLiyg, UzLys, UgLig,Ugliz,U1gLig, Ui Lig, UiaLiag, UrsLior, 16 49°N
Uy4Li29,Us5L93,Us6Los
11 UgLiy,U1oLig, Ui L3, UioLiy, UysLis, Uy Lig, ULz, UL, Uy7Lig,UssLig, UigLiy, UsgLia, Uz L, 16 49°S
UgoLi14,Ussliys,Uaylise
12 UsLiy, UL, U7L5,UsLg, U1 Lo, UaLiyg,UrsL13,U16L14,U1gLii7,UaoLins, Uaslior, Uas Loy 12 49°E
13 UiL3,UsLy,UsLiz,UgLg,UgLi1,UigLig, UisLis,UrsLiig, Uzliig, Uisliog, Uzt Liog, UaoLiog 12 49°W
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Fig. 4 Signal and data processing pipeline for the Muon Telescope



BARE F: AFETWTELFHL p T 8EEEE (2023—2025 ) 561

1.3 SERELAESTE

WIRFHEHAKRIZG, SRAGFRAEME
VERIF = IR R T 4R X SR Gk T ilt— 25 5 JE [l
RASAEAEH, TG R 5. BiE £
LRI R, RGO TR RREE N, B AR R —
S R BN T TR R A, TR SRR
S FAHEAERS I Z M p PG S p ok
FIV-Aiy; AR S LAR, B R I RRAIL, KR
JEAWIIE N, 5 AU B A E A G R AR B
I, wFHE RN T R, R o ORI
2. I, FEEE R E LT o TR 550%
BOFHOCCR. Ml p FIPECIRG b R W) 2T
LIAARIE, T RS o g s m.
ARHFFTBEHL 2023 4F 5—7 H 25 [A] I 558 A X 3 - A it
B LI , DARRAIR 2 18] FRS5 e sh X B8 43 Bt ) 5

M. A [ A 7k, AT RRAR B u HEOR A
SUERPOH AR Y
Inl/ly=a(P-F). (1)
Hor, TR P A3 o JE A6 w F BRI (B (B A
hPa); Iy Fl Py 735 I A1 BN B B ds o F3HECF
AT o ARSI REL (PO hPa ).
HESEROIEREUR, MU T mEf AR 14
Bl IR, B
I, =1 el~>F=Fol, (2)

SERIERTE w Bt i 5 s, 8 T E— I
b 2 i B, SRS OR TR 1) i e F AR fE R
PI—A28, a5 A bR TR,

J i P B 2 5 0 2 i AR Al R B
THIR RN SRS, w3 O L A9 A8 Ak i
I,

(x10%) (a)  Uncorrected
6.9 o R 789P / hPa
B s o 1,%10
ORI A i AL A A et (PP W [n:<2.4
R\ . il . \ 15,%2.3

" Wiyt oY RV | I} A
A .w«_.-}'rf".h 1N h{w Wix W’WM A | '| lex2.35
| W y Ukl 11y )

Raw muon counts / h*

MWW'F ok
: iy

s VA AN
Ve YW

W P ';-.-,--ﬁ"-l.,r.;“-.'-"

LN T .A‘m.‘g‘\pj\".'lllrl"ﬁ.]'m Ly LAtk " : !
M.'.J.-'\_n&wﬂff_'w \ W) MY A N LN

e A A =
A P v A m v .::v%" i L

i 'U"
B e A i

VI N v ! PV
{nﬁ‘ﬁ"'ﬂ,:.,-ﬂ'mm::' -ﬂ.'--lfﬁ.'_"’ "‘*.'\'.‘--."'I, W lw2*9.5
W W A AN AT

ﬁv g"' ') ;
b"".?:h:*‘ ;M In2%9.1

Pt r__!;'”m"-'.m‘f

Corrected muon counts / ht

Day-month-year

K5 FRispFHBRAE (o) 5 pHHBIEEZ (b)

Raw muon counts and atmospheric pressure curves (a) and corrected muon count curves (b)

Fig. 5



562
2 HEFEAE

Bt b 15 D51 HY o FIHEO E(E AL, 1)
] 73 $¥ 2% 1 h, BFE K EE M 20234F 5 1 H &2
2025 4 4 71 30 H. BEFEAIE 6 Fis.

B REAS T B A B ) L b 30°,
FATE] 30°, ZR ) 30°, Pl 30°, ZRdb 39°, ZEg 39°, VY
1t 39°. Wi 39°., Jb1i) 49°, B[] 49°, ZR [ 49°, ¥4
] 49°, Vb 52°, A R§ 52°, 3L 15 A A u it 5k
M IEAA.

BHRREAS B SCIF K BT AL HE Gk . W 4% . 4
A YR INE & T &1 N €15 B e [ U TN 6 T
SEATHEL. RAER LI i B L 15 A5 T4
IR A% 20 R A (.

R B A B B 0 S XA bR AT A LAAT
GITE A7 B B0 . AR AT AR IR T 45 351 S50 44
Bk, ALEE B[R] FD 15 AN J7 1) () pF i 5ORS IE(H, B9 —
e e — 280, He st (BT HES . 45 S 800 1 W,
2.

#Station: OSIZW(111.9E, 41.8N,
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#N1 (counts) : 30 Degrees off Zenith to the North, 16, missingdata=-99999

12 #S1 (counts) :
#E1 (counts) :
1181 (counts) :
#NEL (counts) :
16 #SE1 (counts) :
7 #NW1 (counts) :
#SW1 (counts) :
19 #N2 (counts) :
#52(counts) :
#E2 (counts) :
#W2 (counts) :

30 Degrees off Zenith to the South,
30 Degrees off Zenith to the East,
30 Degrees off Zenith to the West,
39 Degrees off Zenith to the North-East,
39 Degrees off Zenith to the South-East,
39 Degrees off Zenith to the North-West,
39 Degrees off Zenith to the South-West,
49 Degrees off Zenith to the North,
49 Degrees off Zenith to the South,

49 Degrees off Zenith to the West,

16, missingdata=-99999
16, missingdata=-99999
16, missingdata=-99999
16, missingdata=-99999
16, missingdata=-99999
16, missingdata=-99999
16, missingdata=-99999
16, missingdata=-99999
16, missingdata=-99999
49 Degrees off Zenith to the East, 16, missingdata=-99999
16, missingdata=-99999

#NW2 (counts) : 52 Degrees off Zenith to the North-West, 16, missingdata=-99999
#SE2 (counts) : 52 Degrees off Zenith to the South-East, 16, missingdata=-99999
S i A ARt 4 S R I AN S AT S S P S SRR 5 e
Year Mon Day Hour v N1 S1 El W1 NE1 SE1 NW1 SW1 N2 S2 E2 W2 NW2 SE2
72023 5 1 0 625694 246819 244007 227770 228169 103090 101059 102027 101505 42946 42072 33805 34172 8933 8747
2023 5 1 1 626040 245334 243544 226681 227083 102344 100787 102070 102089 42239 42053 33381 34115 8886 8585
12023 5 1 2 625253 244858 242913 225687 227782 101614 100603 101474 101162 42005 41214 33459 33923 8454 8541
2023 5 1 3 626197 247016 243189 226737 227643 101064 101120 102224 101334 42278 41437 33256 33890 8731 8690
2023 5 1 4 625512 246029 244085 225642 227260 101740 100571 102051 101625 42100 42007 33493 33549 8726 8642
12023 5 1 5 625206 246469 243446 225503 227305 100902 100480 102175 101250 42344 41472 33607 33744 8839 8665
2023 5 1 6 625102 245575 243329 225352 227455 101066 100724 101158 101809 41955 41218 33421 34053 8612 8537
12023 5 1 T 625087 246097 244125 226121 227177 101289 100067 101423 100825 42166 41282 33228 34177 8611 8357
2023 5 1 8 626560 246772 243607 226612 228574 102149 101036 102081 101376 42345 41670 33288 34085 8587 8459
2023 5 1 9 627465 246238 243311 226167 229046 101175 100726 101793 101181 42423 41795 33408 34350 8856 8584
2023 5 1 10 627187 246730 243558 227191 228501 102402 100709 101589 101217 42344 41304 33260 34035 8448 8410
2023 5 1 11 628078 246450 244780 226533 228705 101942 100742 102320 101711 42772 41929 33741 34355 8899 8789
02023 5 1 12 628788 247781 244437 227365 229055 102416 101284 102090 102027 42514 41987 33631 34373 8949 8731
2023 5 1 13 626888 247090 244329 226489 227537 101908 101146 101995 101487 42491 41693 33426 34137 8627 8601
2023 5 1 14 628195 246927 243746 227056 228398 101524 100851 102049 101839 42581 41694 33443 34202 8774 8557
2023 5 1 15 626310 245549 244636 226666 228127 101716 101002 101847 101969 42264 41407 33100 34131 8591 8566
2023 5 1 16 626631 244818 244259 226966 228061 101599 100612 101781 101935 42416 41840 33235 33766 8596 8484
112023 5 1 17 624733 246556 244270 226356 227177 101182 100270 101315 101490 42221 41931 33570 34169 8915 8636
K6 pnFRIEgEEdHEA

Fig

.6 Muon Telescope data sample
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* 2 HEHERESISHAEX#ER
Table 2 Format description of parameters for each column in data samples
7] e EA ik = Hfy {E5% TR
1 Year 4F 4 — 2023 —2025 —
2 Mon A 2 — 1—12
3 Day H 12 — 1—31 —
4 Hour in) 12 — 0—23 —
5 A T EL7 I p PR (B 16 counts 500000~700000 -99999
6 N1 Jb1m30°pF AR IE(E 16 counts 150000~300000 ~99999
7 S1 M 11 30°pF AU IE(E 16 counts 150000~300000 99999
8 El Rm30°pF L IEE 16 counts 150000~300000 -99999
9 W1 PR30 AL IE(E 16 counts 150000~300000 ~99999
10 NE1 ARAL3°pFHAUL IE(E 16 counts 50000~ 150000 99999
11 SE1 RE39° T HHEUE IE 16 counts 50000~ 150000 ~99999
12 NW1 FEAL39° PR IR (A 16 counts 50000~150000 ~99999
13 SW1 ViR 39° AR 16 counts 50000~150000 99999
14 N2 AL 49°pFHEUR IE(E 16 counts 10000~100000 -99999
15 S2 B 1] 49°nF IR I (B 16 counts 10000~100000 ~99999
16 E2 AR 49°pFHHUIL EME 16 counts 10000~100000 99999
17 W2 P 49°pF AR IE(E 16 counts 10000~100000 -99999
18 NW2 Pidbs2on P AU IR 16 counts 2000~20000 -99999
19 SE2 REI52°u T IE A 16 counts 2000~20000 -99999
1000 F 3 15 AMAEuFITENEXNSITHRE
Table 3 Relative statistical errors of muon counts

Counts/h™*

& 7

200

400

600

800 1000 1200

Channel

o BRI A T R LR RE TS

Fig. 7 Deposited energy spectrum of a single

channel of the Muon Telescope

188220, FIxugRs 2B, T e W4, K

BT A5 1) F R B 8 ' F A A 1 U e
3.2 HIBEFHIHRE

b T 2 TG R IR MR 2 A (R e THRFAE
HAM Rz M TR o = 1/VNT, XH N K
BALL I ] N B TR, T oMAR RN S8 2023 4E
5H 1% 20254F 4 A 30 HARM 1 h 433 RuFit

B FIE, THRAAX G R, SR8 T4 3.

in 15 directional angular bins

HEW 7 18] wFiHE/m HIRHE /(%)
EH MV 621358 0.12
JE30°N1 245266 0.20
M H130°S1 242668 0.20
A H30°EL 225757 0.21
PiR130°W1 226683 0.21

%44t39°NEL 101791 0.31
A H39°SEL 100539 0.31
PidL39°NW1 101795 0.31
PiRI39°SW1 101255 0.31
Jt15149°N2 42541 0.48

R 1149°52 41701 0.49
ZRI49°E2 33800 0.54
Ph[5149°W2 34126 0.54

PEdE52°NW2 8794 1.06
A H52°SE2 8633 1.07
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e 3 AT UL, 3 B 5 ) p it ECR s, AR
GeitiR 2N, BEE AL BRI, THECRE W
N, MR GER R
3.3 EUEREEIIIE
3.3.1 RGuFIHHESERNREXXREIE

Jith p IS KRR R AR, X
WS BRGNS AE 22— B 2023 4E 5 H 1 H
% 2023 4F 7 F 31 HIE] 2176 4~ 1 h PRI R IR
Bl o, X HIEAT A GE T T, IR LA OC R
BOPEERI TR 4 RISAH TIL . /. K. P
30°75 T s n F S KRR C R,

15 N5 RS w P BS KA R SR A
KRBT -0.93, X F R B FH AR, U

x4
Table 4

Chin. J. Space Sci. =AFFFIR 2026, 46(2)

FE U A BRI A LI 45 R AT A AR T U
RN P B RVRFAE.
3.3.2 pF I HTAHE

FOH R BPE EE E 0 B AR R AE . 2k I
2024 AE LI B, SR I P&k, WS RIBIE
JE ) W I HBOR IEAEL, e 7 BT B N SR 4k
A EITE T 0 p IR SR, I H AR
FRIREE i & 9 IR,

w TR My i 2R R AT A s AR Ak,
T uTEHRE W HASCRAE. KB XS g 5 & AR A
YEH, S HREIEAR | (i Bk 2 (6] 0 37 76 1E 77 5 B
B P B RS, i b BRES IR A B 22 R
FHTER H AR FE AL

15 N A ERELFIH S X SERRLIEEX R

Linear correlation coefficients between original muon counts in

15 directions and atmospheric pressure

JT ] Y N1 S1 El W1 NE1 SEl1 NWI SW1 N2 S2 E2 W2 NW2 SE2
MRAE 093 095 093 094 095 095 093 096 094 098 -0.97 097 -0.97 -0.98 -0.98
o Measured data — Fit data
(%109
2.47 2.45 T
= 245 = 243
2 2
=] 5
g 243 3 241
c c
S oaf S 239}
g < g <
2 2
X 239 o 237
2.37 2.35 . . L
2.28 2.29
= 226 = 2.27
P P
o o
§ 224+ § 2.25F
o o
s 222 S 223
2 2
£ 220 & 221

218 I 1 ! !
84000 84500 85000 85500 86000

Pressure / Pa

Al 8
Fig. 8

2.19 . ) )
84000 84500 85000 85500

Pressure / Pa

dbL B R P 30075 R RS R UR IR AR

Relationship between original muon counts and atmospheric pressure in

the 30° directions of north, south, east and west
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Fig. 9 Diurnal variation amplitude of muon counts

Mr. 5 H 10 H 19:00 UT & 11 H 13:00 UT, Nagoya
3 3 T B 5 ) u A TN R KT R A B -4.9%.
2024 4 5 H, W 5 p B0 45 00 0 45 21 1Y) 2 57 ]
p R AR AR B AT 10 PR,
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FAFA MR B B HL R
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PUFFul p FREIEENZIPRERE, A3
A1) o LU A 98.6%, Afdl i gk F2 B iy AR A Ay A
AEPEHLR B HAh, W RGO  A
B HAR A B DL R il S SRS O, B 2sis
U B R

4 HdEf TR S

AKICHE A B LI i B Ak T2 25 K BH S ) JE B
RNV R p T - U DO R PN S RIS TP
AT FHFFEAT R PRYEEIRHIE | T H R o 75 KB
K3 B BB B IR R A TR L T I G AR
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Fig. 10

* https://cosray.shinshu-u.ac.jp/crest /DB /Public/main.php

Date

2024 4 5 A T E 3 (a) fl Nagoya ¥ (b) pFEITERE 57 TN AR {L iR B

Variation amplitude of vertical muon counts at Siziwang Station (a) and Nagoya Station (b) in May 2024
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