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We may find the Solar Cycle 24 unigue!?

Smoothed Sunspot Number
Monthly Averages
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Global Muon Detector Network
(GMDN) for GCR streaming

O Nagoya

O SaoMartinho

A Hobart

0 Kuwait

° *indicates the

location of the
detector.

- OOAdisplay the

asymptotic viewing
directions of
median energy
cosmic rays
corrected for the
geomagnetic
bending.

Thin lines indicate
the spread of
viewing direction
for the central 80 %
of the energy
response to
primary CRs.



Possible future expansions of GMDN

» We plan to expand detection areas of two small

detectors.
A Hobart: 9 m2 = 16 m?,

Kuwait : 9 m2 = 25 m?

» We also plan to install new detectors in Mexico and

South Africa.

O Nagoya O Sao Martinho O Hobart A Kuwait University
® Sierra Negra ® Hermanus

Sierra Negra (Mexico)
* 4600 m a.s.l..
« 14k SciBars viewed by 220
multi-anode PMTSs.
* Primarily for the solar
neutron detection, but can be
used for muon measurement.

Hermanus (South Africa)
« 200 PRC tubes in four
horizontal layers will form a

25 m?2 muon detector.



Why we need global network?

(%) Muon count rates by three detectors * CR density decrease
0 — —— —Tsscl TS5C - (isotropic intensity).
-1 » Strong CR streamin

Wind in typhoon CR streaming
Foc QXVP SoB XVn
. F = VP, givena 5. S =V N, givens

Can deduce the 3D gradfent from the anisotropy
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depleted re

Single detector gives D distribution along the orbit



Muon precursors seen by GMDN

\ Best representation by NM network

\ (sample event in 1992)
\ Loss cone 360 S ——— _ .
(deficit) e e

-y
o

asymptotic longitude,®
L]

/Reflection by shock
(excess)

45 [

6.12 7.00 7.12 8.00 8.12 9.00 9.12 10.00
Sep 1992

2D map of 1 hour data (2006 12/14 08:30UT)

N
A

31|32(33]|34|35|36 N
25|26(27128|298]50

5.0
. —
1 0 0.0 top 19]20[21[22|23]24
| view 13)14)1518)17[18
excess 7s]9iof11fi2
1 50 1]2]3]4]5]s W 3 z ol «
] ficit WV E EE g

] ) ) : . . : : view A =9
s
W ) E 11*11=121 directions




KR RERREREQICRR 2010.12.17

SK/TibetZER v —7LAI12&5b
10 TeVFEHEREDEZRHE T EDER

{8 ik, . NBELIEJ L LR (S M KER) | A (ICRR)

RE (K<) : 100FH (SK) / 100FH (Tibet)

* Modeling the large-scale anisotropy with
Global Anisotropy (GA) and Midscale Anisotropy (AE).

= Amenomori et al., proc. AIP conf., in press (2010).

« Solar cycle dependence of the diurnal anisotropy
observed with the Matsushiro UG-p detector.
= Munakata et al., ApJ, 712, 1100 (2010).
« Two-hemisphere observations with the Tibet (AS), SK
(UGpu) & Ice Cube (UGp).

= private communications with lce Cube (2010).



Global Anisotropy model

Slavin, AIP proc., 1156, 2009

Local Interstellar Cloud

= 3 pc

Heliosphere N

Redfield & Linsky, ApJ, 534, 2000
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This model also allows us to infer
the polarity of B from Vn



Midscale Anisotropy model
(preliminary)
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Miraglo hot region A

(Abdo et al., PRL, 101, 2008)

45 - 1.0030
35—5 1.0020
25—5 1.0010
15—5 a8 1.0000
5— 0.9990
—5—f 0.9980
—15 AN a5 T4aN 0.9970

120 1170 100 90 80 70 60 D50 40 30



Two-hemisphere

observations by

Tibet & Ice Cube

Tibet ASy

(Amenomori et al., Science, 314, 2006)

« AS measurement (p+y)

° Emode =7 TeV (calibrated by using Moon shadow)

« 4.5x10%° events in 1999.11-2008.12
(270 Hz)

Intensity
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lce Cube
(Abbasi et al., arXiv:1005.2960v1, 2010)

¢ muon measurement (p)

* Eoge = 20 TeV

« 4.3x10° events in 2007.6-2008.3
(220 Hz)




