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Abdtract

We have observed severd Forbush decrease events during 2000 and 2001 with Large Muon Tdescope of the GRAPES 1 shower array a
Ooty (800g/en). Our telescope is rather unique in its very large detection ares, totdl area of 560N (16 units of 35nT each) and rather good
angular resolution, less than 8 degrees We present the 3-D Sructure of Forbush Decrease (FD) events and their time profilesin great details.
We found some didtinct fegtures in their sructures. Some of the CME (Corona Mass Ejection) from the Solar flares can cause these peculiar
type of FD events. We discuss these resuits in connection with the energy spectrum of the coamic rays during the passage of CME directed

toward the Earth.

1 Introduction

Each detector hasits own characterigtics such as neutron monitors,
scintillation detectors, proportiond countersand so on. Our muon
telescope in Ooty GRAPES 11 experiment has an excdlent Satistics
because of itslarge detection area, 560nT. Thisisagreat advantage
for the study on short term variation of both the gdactic cosmicrays
and solar cogmic rays Short time feature can be only darified with
large areaand direction senitive detector.

Oneof our mainamisto sudy the 3-D sructure (intime and
space) of Forbush event rather precisaly and to understand the effect
of solar magnetic field. We are hoping to daify the nature of
Forbush Decrease in connection with Solar flare and Interplanetary
Magnetic Fidd.(IMF) The satellite observation can perform point
obsarvation very well, but our ground level detector hasagrest
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advantage to sudy the globd feature of IMF and shock front
asociated with the soler flare events.

Another amisto meke adetailed study ontime profile of the solar
proton and neutron in the occasion of Grand Level Enhancement
(GLE) Kawakami et d (1999) If therewould bethergpid changein
GLE, it would give the dlue to understand the mechanisms of
paticleaccderationintherr early sagewhichwould be difficult to
sudy by the convertional smdl size neutron monitor.

Wereport here thetime and space structure of severd FDsand
would liketo discusstheir behavior.

2 Detectorsand Experimental Conditions

The detector dement is6m long proportiond counter with cross



Fig.1 Sideview of GRAPESIII Muondetectors  Figureof 2 modules

section of 10cm by 10 cm. 58 counters are placed sde by sdeona
concrete platform and covered with 15cm thick concrete dabs
Four layers of counters are aranged in crossed configuration to
obtain the track and angle of individuad muon. Top of the counter
layer thick concrete were put and totd thickness of the detector is
550g/cn” (about 20 rl.), so the minimum energy of a penetrating
muon is about 1 GeV. Totd number of modules for muon detector
is 16. Area of each moduleis around 35 nand itstotel areais 560
nT . They have been fully operational since February 1998. Figure
of the Muon Telescopeisshownin Fg.1.

Omni directiond observation has been started for 16 modules from
April 1998 and the directiona measurement of the muons hasbeen
started from April 1999 by one module and now 12 modules (tota
area 420m2) are operationd. In principle the angle of individud
muonisrecorded in each 10 seconds.

The ambient condition of these muon detectors is quite stable
Though outside daily temperature varies around 15 degreesfor fine
weether, temperature of the muon detector deviate only one to two
degrees per day. Maximum temperaure variaion in ayear near the
detectorsiswithin 5 degrees. The atmospheric pressure changes

Muon intensity and barometric pressure ©— Muon Intensity (%)

1.005 —o— Pressure (hPa)

Te.w
143&&}1*?:‘%&##788
Y

:

786

Intensity (%)
©
©
(4]
hPa

784

o
©
©

782

0.985

: : : 780
27- 28— 29- 30— 31— 1-Sep 2-Sep 3-Sep 4-Sep 5-Sep 6-Sep
Aug  Aug Aug Aug Aug
INDIAN STANDARD TIME

Fig.2 Red: variation of muon intensity
Black: barometric pressure

3474

periodicaly with cyde of 12 hours. Fig.2 shows atypicd example
of the vaiaion of muon intendty, variation of amospheric
pressure.

Fig. 3. groupsof themuon direction
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3 Analyssof Forbush Decrease Events

We have categorized the data by the angle of muons, the example
of combination of angleisshownin Fg.3.
There are 9 categories of muonsin totd, North, North East, Eadt,
South Eadt, South, South West, West, North West and Vertical.
(Fig4) All the raw data (each one minute interva) have been
checked up thoroughly. After confirming thet there is no
misbehavior dueto hardware problems and then summed up dl the
modules together. We adopted one hour count rate for andyss of
FD through directiond observation.
Fig.5 showstypica variation of gdactic cosmic raysin FD. Phase
dhift of anisotropy is dearly seen through out FD period. It
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indicates that the anisotropy arisng from Solar megnetiam is complete mixing of cosmic rays for dl the direction. It is dearly
maintained somehow during FD period and only the intengity of al seen in FHg.6, thereis a pesk a around 04:00 for dl the direction.
the direction is disturbed equdly. This fegture is rether difficult to (Indian Sandard Time (IST). IST is UT + 55 hours) It should
undergtand, snce some shock front must have passed when the mean that the coamic ray intengty for al the direction varies
coamic ray decrease sharply. The natura consequence of it would

be the mixing of coamic rays after the shock front.
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Fig.5 Example of typicd Forbush Decrease IST (UT +5.5hr)

Fig.6 Examplesof Forbush Decrease where mixing have happened

Contrary to this FD, another type of Forbush decrease shows the



smultaneoudy in this period. So, there could have been some
mixing of coamic rays by the shock front. Asaconsequence of this
mixing, anisotropy islogt for aout 1 to 2 hours et leest. Thismight
have happened because of over-up of two successve Corond
Mass Ejection (CME). We estimate two CME (UT 15:34 9" April
and UT 0526 10" April) which are responsble for this
complicated FD. Another diginct festure of this FD isthet it shows
quite different peek intensity between Eagt direction and West. We
have categorized E-W groups and shown in Fg6 and N-S
combination in Fg.7. Asit can be seen in Fg..6, pesk intengty of
the eadt direction is dways bigger than the west during this FD. If
the energy spectrum of the cogamic rays becomes soft during this
FD, cogmic rays from eadt is easy to penetrate the earth’'s magnetic
fidd. It could be the cause of these differences

3 Summay

It seems we might consider the flows of north-south direction of
GCR to explain the complicated up and down during the FD evertt.
The energy pectrum of GCR would become softer behind the
shock front.

We could not spend enough time to etimate the possible behavior
of the interplanetary megnetic field which mugt have causad the
FD shown above. We hope to be able to andyze them soon
thoroughly. So far we have been able to complete the andlyss of 3
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modules only for this FD of April 12", the data of another 9
modules il to be andyzed for this FD. We are hoping to complete
the andyss of remaining data by the conference time and to bring
more concrete conclusion.
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