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Fig.1 Example of time variation in cosmic ray muon count rate at ground level along
with atmospheric pressure a) and force field potential b).
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Fig.6 Comparison of force field potential effect be-
tween observations during periods of For-
bush decrease (the term N denotes the
number of samples) and theoretical calcula-
tion. The horizontal bar represents one
standard deviation.
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tember 9, 1992 and theoretical cal-
culation.
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Fig.9 Variation in muon count rate with ground level temperature for

shallower underground a) and deeper underground b).

Tateno @ 7 — # ¥ & Takeyama ® 7 — ¥ ¥
1 PAEOB D7 5 7 TERRERTY
b, KG@BIHmMIERS, M7 —% oMMz L
y, ZoOEIFREDHE % Nagoya F— ¥ & It
B L TR R R L KD,

Misato ® 7 — # I 1 EMO AMFEH & L
TT I 7RRERTVD, KBERIGMHIERD
F—5 L LRIRE B L TREE R,

Sakashita (3B HEKFDO Y = 7H 4 F X
) 1980 25 1992 5 F TORFD A7\ 6 55
DFREMET—F2WMY M L7z TOF—F
MRHRDENEIZH 0.5% OFEGTETLTWw5,
NEFHEEE, WiEE, T4 A7V IF—5—
DOEERICENT E2HDTHb, ShEfEL
LBICKEHEEHREBELZ. 5120
F—ZIZIFEREIC X 5 LB -0.02%/TH
HEINTVDLZD, TOFEELIIVTH S,

EbLOTHEVEIHICEHAMFTH 5 Ma-
tsushiro & Kamioka ® y R F7— ¥ & #s k
AEOELDZEERBEHREITIRON S
(Fig.9b)o WL ZIHLERERVEZATORE

(49)

BT SO RS TS L) TR B,

Sagisaka et al. Wi 50 hg/cm* BEDHFERZ F
TOREBRBEIIHN T2 p WFRKIEADE
BEBGIHAEL TV, ZHICKIUTKTEAK
FHIZD & v, #F D Sakashita 77— % (80 hg/
cm?) TREAKRFHEIINEWI E2HRALT
Wb,

VoA ThY» % & 5 ICRIBFREOHE:
FEIITIRT— 5 OERHENHEOMEITLD,
i) OBREPEIN T ALWEEND 5, L
2L BRI & OBROTIEZ 2 TOMTA
B—MThb, SHLIHERVERENBONS
FTOBEMEE LTHHA I,

Figure 8 # A5 & 1 H¥¥H & 10 H¥EW T
HEOREI P L) OREYH 5, # ERRE
LTIZ10 HULOBE) FHZ M) OPERB
THH9o

. by

P EDOBGED? S, #T u KR OLE)
WT L OMRBEBAE SN 720 EBRIZIEHT



382
- ¥=6.233x10°X? - 1.585x10°X + 9.822
2000
>
S
®
i
C
L
Q
Q.
©
o
2
@
&
O
L 2006
00 1 H
7000 8000 9000 10000

Moscow neutron monitor {cpm)

Fig.10 Conversion from pressure corrected
neutron monitor count rate into force
field potential.

5¥4E121%, F9 Tablel, Table2 R U Fig.9
OF— 7 & NiE L THBRRER N OR S TOR
BE*HRD5, RICEEOZROT, ZOHOD
KBS HE L, UBHICBIT 2 ERERY
WESRZEELTL, 1 AT OXEDLSOR
ZOMELDIEICED u HTFHEEOEL
B2iETES, IhtlEfREr—s %2l
B4bsZ 2y, LE3IHTITL 5D,
HHNEIHBEOEEEIICL 2300 EHET
5o

KEBIE IOV TId EXPACS a9
LEFHTE S, ZELFATO 75 AT T
WE AL F=FoELRE, BEFOF—%
BN U724 1E Moscow BEFE= ¥ —
DT THA POPRHLABHFINTVWLDT,
INEKBRIEHEICRET S (FE3R),
FEEFIE y R TICHRRTEFIFTELPICEN
7o, KBRBEMEOREL LTHETES L
EZOLNTWA, fFTOPHTFE= 7y —%2 /0
WA, o2 LoftEe Ak R
FHERLTB L,
HERE L ERBIIERITOY 2 7Y A b
PHAEHF L5,

RADIOISOTOPES

(50)

10)

Vol. 62, No.6

ft &

Moscow FEFE= ¥ —D T = TH 4 b2 b,
BRUNEHOTF—IDHI b, H-H - KL X
NVOKBHEEIE U7z 3 450 D FEHREMIE
F—5ERY M L7z, 3 % EXPACS 7o
FILADOBEELHEL72D DN Fig.10 TH 5.
1HEDF— 7 %O THEEM N O EX-
PACS ICHARTHEIZHE D 55, £0.03GV &
EDORETKGRGEEICHRETE 5,

X ®

D &AM —, I2—RFICL3ERYHETDON
fett, WEIEA, 65, 251-259(2012)
A BRFE K IRERENTFERT, Nagoya Multi-

Directional Muon Telescope,

2

~

http : //www.stelab.nagoya-u.ac.jp/ste-wwwl/
div3/muon/muon3.html

BET# =, O'Brien K., FAEIZ BT 2 FHBED
5 OB, REWIE, 37, 325-334(2002)

Particle data group, Atomic and nuclear proper-

3)

4

=

ties of materials for more than 300 substances,
http : //pdglbl.gov/2007/Atomic Nuclear Prop
erties/index.html

Bugaev, E. V, Misaki, A, Naumov, V. A, Sine-
govskaya, T. S, Sinegovsky, S. I. and Takahashi,

5)

N., Atmospheric muon flux at sea level, under-
ground, and underwater, Phys. Rev., D58, 054001,
1-27(1998)

S, #ME (2010

Ichinose, M., Mori, S,, Sagisaka, S. and Yasue, S,

Continuous measurements of cosmic-ray inten-

6)
7)

sity with multi-directional muon telescope 50 m.
w. e. underground at Matsumoto, J. Fac. Liberal
Arts, Shinshu Univ. Pt. 11,6, 9-30(1971)

H B AR ERER B 720, Sakashita Un-

derground Telescope,

8)

http : //www.stelab.nagoya-u.ac.jp/ste-wwwl/
div3/muon/ug0l.html
9) EXPACS Homepage, Excel-based program for
calculating atmospheric cosmic-ray spectrum,
http : //phits.jaea.go.jp/expacs/jpn.html
Munakata, K., Bieder, J. W, Yasue, S, Kato, C,
Koyama, M., Akahane, S, Fujimoto, K., Fujii, Z.,



Jun 2013

Humble, ]J. H. and Duldig, M. L., Precursors of
geomagnetic storms observed by the muon de-
tector network, J. Geophys. Res., 105 (A12), 27457-
27468(2000)

MERE, FHEREZAVZRASEROREOHE
&, R&Z, 14, 389-391(1967)

KT, BEOERT— I B#E (HE),

http : //www.data.jma.go.jp/obd/stats/etrn/up

11)
12)
per/index.php.

Sagisaka, S., Murakami, K., Inoue, A., Mishima, Y.
and Nagashima, K., Atmospheric effect on muon

13)

intensity for observations at various atmos-
pheric and underground depth, Proceedings of 16
th International Cosmic Ray Conference, 4, 235-240
(1979)

Kohno, T., Imai, K., Inoue, A, Kodama, M. and
Wada, M., Estimation of the vertical profile of at-

14)

mospheric temperature from cosmic-ray compo-
nents, Proceedings of 17th International Cosmic Ray
Conference, 10, 289-291 (1981)

The Matsushiro and Kamiokande II Collabora-

tions, Time variation of the cosmic ray muon

15)

flux in underground detectors and correlation
with atmospheric temperature, J. Phys. Soc. Ja-
pan, 60, 2808-2811(1991)

16) Moscow Neutron Monitor, Real-time cosmic-ray

BT p HFEHECRORHESICHD 2R T 2L ORRFE

383

data,

http : //cr0.izmiran.rssi.ru/mosc/main.htm

Abstract

Evaluation of Effect Coefficient for Each Factor Affect-
ing Time Variations in Underground Muon Count Rate
Susumu MINATO : Radiation Earth Science Labo-
ratory, 9-6 Yamaguchi-cho, Higashi-ku, Nagoya-shi,
Aichi Pref. 461-0024, Japan

Underground cosmic-ray muon count rates always
change with time due to variations in various kinds of me-
teorological factors and solar activity. The main factors
are atmospheric pressure, force field potential and tem-
perature in the upper atmosphere. The pressure and force
field potential effect coefficients are evaluated as a func-
tion of depth under the ground through theoretical calcu-
lations based on a continuous slowing down approxima-
tion for energy-angle doub!e differential spectra. The tem-
perature effect coefficient is derived from ground-observed
data analyses in relation to the temperature in the upper

atmosphere.

(51)



