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Abstract

Forbush Decreases (FDs) are representative events of abrupt decrease in galactic
cosmic ray intensity. They are known to be strongly associated with solar wind
events such as interplanetary shock (IP shock) and magnetic cloud (MC). In order
to examine effectiveness of the MC on FDs, I studied the 44 MCs that occurred
during the 2 years from 1998 to 1999 and investigated the properties of interplanetary
magnetic field (IMF) and solar wind. As a result, I found that 11 out of 44 MCs are
associated with the FDs. In particularly, it is noted that the F'Ds are driven by the IP
shock sheaths which are associated with over 13 nT of IMF magnitude, 3 nT of IMF
turbulence, and 550 km/s of solar wind speed. This result indicates that magnetic

cloud and its interplanetary shock sheath work as a modulator of the cosmic ray

intensity.
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ATE g dol 2= £ AM(Galactic Cosmic Ray; GCR) ¢ 22l 3} 43 Zol| A Forbush
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42 A Qirh ol 2L YUYF FFEo] 54 AAE AFudshe A W ¥
7) W o)t} A Ao 7 224 intensity?] 7] (base line) 7} ¥= ABF 7] °F 2% o4 A4}
D 3422 & 4+ tH(Lockwood 1971).
a9 12 FAA 490 AL 40 A A7 FE Arolol 845+ sheath 9 <
. ©] sheath ¥5-2 A7 543} %-"’ —?F— 342k 2}71 T EHOE“'—J ATHOZ g

LR

s

rlr
o Yo%
l o oX

KU
o

rE
i

2 A 9 o] Oh et al.(2002, 2007a b)°ﬂ ol 3f u-3 R wu on:lr
1% 2+ Moscow Neutron Monitor Station®] 4] 1998'd 119 8dojl #&d FD A2z & 7%
o] Ab2] 25 A intensity 4 AES Ho Frh
oA AFE AATE FAL FA v (sheath BT A7 FE (A7 HE G F) ol 54 intensity

209 UHY Aol ok 019 Le A GEF P intewsity Dol I HYATE 33
A

ok 2} 7) 7% iﬂ%]fo] %*3 712—:*0113]'3’— EF‘-%]' AT |

Bt o Zhang & Burlaga(1988)2 W3} A7) 7F & 2.5% o] JlHd o2 2 =4 intensity
£ AW Awe) $A%E U AP DAY AT ARAAT. o ANTFE

B A7 A8k} 27| FE Atol sheath G Aol 2 2d 271 AL 7HA negative cloudset i A| st



Modulator of Cosmic Ray Intensity 151
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Shock Shock
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(@) Structure of the FD driven by IP shock (b) Structure of the FD driven by MC
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i1 27 5 BE (1998-1999).
MC start-end time Payn® B Bzmin R° QF° FD IP shock associated Payn®
yy.mm.dd.hh.h [(nT] [nT] associated mm.dd.hh.h

98.01.07.03.0 - 01.08.10.0 * 1544 269 1 1% 01.06.13.5 *
98.01.08.14.0 - 01.08.22.0 * 9.29 -369 2 3%
98.02.04.04.0 - 02.05.22.0 * 10.53 -8.32 1 2W 02.03.12.5 *
08.02.28.22.0 - 03.01.19.0 388  6.40 -5.23 2 2
98.03.04.14.0 - 03.06.06.0 289 10.36 -6.65 2 1% 03.04.11.0 35.5
98.03.25.13.0 - 03.26.08.0 43.3 10.37 -6.96 2 1
98.04.08.00.0 - 04.08.15.0 88  11.79 -3.46 2 2 yes
98.05.02.12.0 - 05.03.17.0 34.3 9.13 -11.79 2 3% yes 05.01.21.4 59.8
98.06.02.10.5 - 06.02.15.9 23.8 10.09 -3.79 3 2W
08.06.24.16.8 - 06.25.21.8 50.0 13.33 -3.30 1 2W 06.24.07.2 47.2
98.07.11.17.0 - 07.12.17.0 10.8 11.21 -5.66 1 2
98.08.02.06.0 - 08.03.02.0 23.6 5.26 -0.46 1 3
98.08.08.03.0 - 08.09.14.0 16.6 597 -2.58 1 2 08.08.01.5 19.1
98.08.20.10.0 - 08.21.19.0 14.t 13.11 -9.73 1 1% 08.19.17.5 30.4
08.08.27.05.0 - 08.28.03.0 159 1260 -1449 2 2W yes 08.26.06.0 54.7
98.08.29.02.0 - 08.29.23.0 13.5 5.26 -3.94 2 3
98.09.18.11.0 - 09.19.16.0  38.7 10.32 -13.15 2 3 :
98.09.25.05.0 - 09.26.13.0 255 13.84 -13.75 1 2% yes 09.24.23.3 74.9
98.10.19.04.0 - 10.20.07.0 26.2 1656 -17.19 1 3% 10.18.19.0 132.4
98.11.08.19.0 - 11.10.01.0 39.0 16.08 -1555 2 1% yes 11.05.04.0 98.1
98.11.10.06.0 - 11.10.20.0 181 425 -1.16 2 3
98.11.13.02.0 - 11.14.13.0  41.7 18.01 -17.53 2 3
98.12.10.15.0 - 12.11.16.0  29.8 11.45 -12.73 3 3
99.01.13.15.0 - 01.14.17.0 46.7 14.51 -14.98 3 2 01.13.10.0 54.0
99.01.22.21.0 - 01.23.17.0 41.6 14.76 -5.08 2 2 yes 01.22.20.0 29.3
99.02.13.13.0 - 02.14.14.0 223 814 -4.58 3 2
99.02.18.14.0 - 02.19.12.0 23.8 9.16 -6.63 2 3% yes 02.18.02.0 58.3
99.02.19.23.0 - 02.20.16.0 5.4 5.73  -0.75 1 2
99.02.28.15.0 - 03.01.20.0 66.7 14.21 -14.03 3 1 02.28.21.0
99.03.10.18.0 - 03.12.01.0 329 6.13 -4.36 3 2 03.10.00.8 53.6
99.04.16.20.0 - 04.17.21.0 40.5 17.18 -13.93 1 3% 04.16.10.5 106.6
99.04.21.04.0 - 04.22.12.0 19.3 7.69 -458 1 1
99.04.26.09.0 - 04.27.06.0 4.2 898 -5.14 2 1
99.07.07.07.0 - 07.08.13.0 106 6.14 -548 2 2 yes 07.06.19.0 13.9
99.08.09.10.8 - 08.10.15.8 15.0 10.21 -3.28 1 1% 08.08.17.8 19.6
99.08.22.14.0 - 08.23.19.0 183 945 -9.20 2 2 yes
99.09.15.09.0 - 09.15.18.0 11.8 10.66 -7.41 2 1 yes 09.15.07.0 17.3
99.09.21.21.0 - 09.22.05.0 26.0 11.85 -7.40 2 3%
99.10.10.12.0 - 10.10.23.0 38.8 12.63 -8.39 2 2
99.10.21.03.6 - 10.22.17.0 57.2 18.06 -30.42 2 3 10.21.01.5 101.8
09.11.12.13.0 - 11.13.18.0 11.1  7.06 -11.68 1 2
99.11.23.06.0 - 11.24.04.0 17.7 9.75 -7.04 2 3
99.12.13.06.0 - 12.13.15.0 26.8 14.15 -9.48 2 2 yes 12.12.15.0 28.3
99.12.14.04.0 - 12.14.17.0 7.5 11.04 0.89 3 2

*missing data,

*dynamic pressure of MC(10~ !%kg/ms), quality of magnetic rotation,
“quality of magnetic cloud(1=excellent, 2=good, 3=poor), 4dynamic pressure of sheath(lO'mkg/ms),
W quality from WIND.



154 Oh

¥ 2. Forbush Decrease ®14} WA} of Hofl w2 217] 52 £8]4 54.

event B[nT] oB[nT] o¢B/B Npfem ?]  V [km/s]

MC w/ FD 11 11.62 2.91 0.27 5.50 512.2
MC w/o FD 33 10.62 2.19 0.19 9.64 420.7

total - 44 10.87 2.38 0.22 8.53 445.3

® 3. Forbush Decrease ®4} L2 ol %ol me 47+ 224519 S84 S4.

event  Ma M Ms  B[nT] oB[nT] oB/B Nyfem™®] Vlkm/s]

w/ FD 9 2.69 7.05 2.43 16.65 3.03 0.19 7.65 606.4
w/o FD 13 1.79 3.65 1.53 10.09 1.87 0.18 21.14 418.6

total 22 2.22 526 1.96 12.90 2.33 0.18 14.75 507.6

o) 227 HATY 243 F 97 oM ETe] FD # AT A& o] ¢l
Ay AR YA FA9e] E8ld EAAE
g2 £ 3% 2ot dAAT 459 29 M7E YEWE Ma,
u}3}<4, Magnetosonic U}eHr+E VERH T

FD d/43 &9 9+ dA47 £ 43K(w/ FD)S H4 Eel&o] FD @43 A= B4
dHw/o FD)2] & Zeiekol] vlal U= 5 A3 Uz Zejak grol AAM 73k 37

194 ] H P A7 5 45} sheath G 32 Eejd EA4(BF A713A 7], 713
ZUE, B¢ B %E £ %) FD 95 intensity 24 A5 2 Vebd Aoz A2 7 Ze=e] A
H3l7 EAA-E Jebdoh FDoF #HAH BA7F 54 9} sheath J G2 Hd 2713 M7](2 3 4a),
A7) RBE(2F 4b), D BT HGE £ (2 40)9] Fol 24E LA intensity A BT}
A 2& ¢ & vk FD #4437} Bdfle B4 345} sheath §49] 213 EAN vadE

A5} sheath 9 e] #}7]%

=
o Zejgko] 714 A7)17} 130T, A7 % ZHEE 30T, B A FF S5 71 BF 550km/s

X B FF
o] 42 Bl FF ol HE A FD Lo B}H oz Agsirt= A& & + Ut

38 5+ FD9 3™ 9+ sheath 99 H+# X718 AM71(B)Y 285 (oB)E T Aoz, 2
W Y92 FD 2437} #” 9l sheath 4 9-& Yebd Aojth d < A= FD 754 intensity
T4 A5 E Jepdith sheath G99 HF 2713 A7)k @357 245 FDO 341 intensity
A4 BRI At A& € 5 At

B E o)l ES Q3 HAS 7|2 2 FA7 A7 34 intensity ZFAHAQ FD
£ 1998-1999 3 2\3d 7He] 4472 A7 F &
Me] A7) FEo] FD @4} Bgo] glo, o] 5 P47 F A7t THHH
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