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Abstract: A strong Forbush Decrease (FD) was observed byngrtdased neutron monitor at Oulu in the

mid of May 2005. The onset of FD took place on M&yand attained its maximum on May 15, 2005. Trenewas
in response to 221 X-ray flares out of which 13evef M class and they were followed by coronal nejsstion
(CME). This has caused a rapid decrease in galaosmic ray intensity called Forbush Decreasehipresent
paper the effect of various parameters such asspahnumbers (SSN), solar wind velocity and thengggnetic
index Dst, on the FD has been studied. The resldgsly indicate a strong relationship between gagmetic activity
and FD on short term basis. The period under irgasdn is found to be full of large solar actiesi inspite of the
declining phase of solar cycle 23.

Introduction appears simultaneously with a geomagnetic
storm. Hence all the three kinds of disturbances —

) . {n the solar wind, in the magnetosphere and in

Forbush Decreases are characterized by a rap'(tosmic rays- are closely connected, therefors, it i

reduction (within a few hours) in cosmic ray ggeential to study them altogether. In a recent
intensity (CRI) followed by a slow recovery, naner an intense solar activity was repdrted

typically lasting several days at 1AU near earth . the main cause of the Forbush effect (~8%) on

regions. This redugtion is about f_rom 3-20% 1¢ July 2005.The decrease of CRI on 16-17 July
observed by worldwide neutron monitor stations. appeared to be a consequence of limb and

Research of the FDs is carried on more than 60,50y qjde solar activity including both solar flares
years since the beginning of regular cosmic rays ;4 coronal mass ejections. The massive
observations compression of the magnetosphere and enormous
intensification of the large scale magnetospheric
current system reflected in Dst leads to a

, Various causes have been proposed fromgiqificant” effect on cosmic ray measurement
time to time for the worldwide decrease in CRI near Earth(FD~16%) on 15 July 2000.

such as solar flafeCME®, high speed solar wind

stream$ originated from coronal holes or some Occurrence of major FD during the epoch of
other active regions on the solar disc. Effects of :ivum solar activity period made us to look
magnetic clouds and related shocks on cosmic ray:

. into the changes taking place over the solar disc
density have also been studie@orbush effects o in the interplanetary medium and to study the
of values greater than 5% in magnitude are

X X probable causes for it. In the present paper, the
seldom encountered without magnetic storm and large FD(~18%) event of May 15, 2005 has been
in these cases the geomagnetic activity is alwaysqygieq on the basis of data taken from neutron

enhanceti This analysis ShQWS that  the onitor at Oulu. The effect of various parameters
phenomenon of Forbush effect is a result of the .o sun Spot Numbers (SSN), Disturbance
storm in interplanetary space and very often it ’
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during storm time (Dst values) and solar wind The effect of CME passing the Earth is the

velocity on FD has been worked out. Here Dst is decrease in cosmic ray flux i.e. Forbush

used as an indicator of the geomagnetic activity to decrease.. When CME hit the Earth, the magnetic
derive its relationship with cosmic rays. Efforts field of CME deflects the galactic cosmic rays

have been made to find the possible correlationand the secondary particle flux (neutron)

of FD with Dst index and solar wind velocity. At decreases.

that time intense solar activities were observed
and it was found that they certainly have some
relation with this event.

Observations and analysis of data

We selected an extremely large FD event df 15
May 2005 from Oulu neutron monitor station and
analyzed data related to solar flare, CME, SSN, -

solar wind velocity and geomagnetic ring current Figure 2. Coronal Mass Ejection by SOHO image

index Dst with cosmic ray intensity. The pressure The magnetograms of various magnetometers
corrected daily CRI variation for the month of ¢how the impact of CME and the disturbed
May 2005 has been taken and the plots of averagesarth's magnetic field afterwards. The maximum
values of Dst index and solar wind velocity with jistortion of the earth’s magnetic field was at
CRI are evaluated. The Dst index primarily zp0ut 7.00 UT on May 15, 2005, the Forbush
measures the ring current magnetic field and it is gecrease was also at the maximum at this time.
used as an indicator of the geomagnetic activity. This implies that the particle density of the CME
The solar wind velocity is the signature of (oached its peak at this time. Some thing
interplanetary shocks likely to be aroused from noteworthy: the proton flux already started
solar flares and CMEs. The solar activity is increasing only a few hours after the flare
further investigated through a systematic study of occurred, indicating that those particles were
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SSN for the event period. traveling at really high speeds. When the shock
) . wave hit earth’s atmosphere, the proton flux
Discussion peaked, the electron flux and of course the

magnetic field of earth became highly distorted as
On May 13, 2005 there was a huge flare on the seen in figure 3.
sun, which produced emissions of various kinds. ror prs S
First the flare was detected in the X-ray and radio ’
range. The GOES-12 satellite recorded 221 X-ray
flares and among these, 13 were M-class events
with peak activity being around the beginning of
the month and mid month. Figure 1 shows the 5
sudden increase in X-ray flux measured by the 3&“
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Figure 3. Proton Flux, Electron Flux, GOES Hp
and Estimated Kp values from May 13 to May 16,
2005
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Figures 4(a), (b) and (c) represent the daily
T R o S SN variations in Dst values, solar wind velocity and
) o cosmic rays for May 2005 respectively. The
Figure 1. X-Ray Flux variation from May 13 10 graph 4(a) shows the magnetic effect at low
May 16, 2005 latitudes. It can be seen that there is a large
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increase in Dst (-113 nT) during the period sudden decrease in CRI that is they have opposite
between 13 to 15 May. This has caused a geotrend in their event period. However, it is
magnetic storm on May 15 classified as an observed that there is a phase leg between these
extreme event, measuring G-5, the highest leveltwo parameters of about 4 days, which is
on the NOAA Space Weather Scales. This eventprobably the time taken by the CME to reach the
registered a 9 on the K-index, which measures theearth’s atmosphere.

maximum deviation of the magnetic field in a
given three hours period. It was forecast by

NOAA as a result of a solar flare that occurred on 3000 a0
May 13. A rise in solar wind velocity in the 5600 1%
second week of May ,shown by graph 4(b), _seon (e
indicates the arrival of a CME that took place on g seo0 g, 1a0 &

200 T

13" May The maximum velocity exceeded 600 —

km/sec which gradually decreased to 405 km/sec

on 15" May. Figure 4(c) clearly gives the sudden A

decrease in CRI followed by slow recovery that is Days of May 2005

FD on 1%'May.Its magnitude is about 18% which

is one of the extreme values ever recorded Thus Figure 5. Cosmic ray intensity and Sun spot

heightened solar activities in the form of solar numbers for May 2005.

flare along with CME created disturbed situation

in the interplanetary space as well as in geospaceA large FD observed during Feb 1 to 14, 1986 in

that is reflected in these graphs. the declining phase of solar cycle 21 was also

found mainly due to the solar flare generated

w shock waves perturbation as well as CME also

s000 1

. R contributed for the safeln a recent study, a
LT T e . A j relation of occurrence of solar flare having ogdtica
g El// H — RV H\/’ importance= 2B,with FD from 1986 to 2000 was
- : WA ¢ investigated. A similar FD of about 16%, which
n Z took place in Oct - Nov 2003 was studiednd
mentioned that during this period complex plasma
5 o0 . and magnetic disturbance were formed as result
52: s A AT \\ — Ef gushing solar wind. Hence the CME initiated
2 e F{) solar flare at a very high speed caused that
& 200 .
R According to a solar physicist at the solar and

T3S T8 MW s ATy 22 astrophysics laboratory. Lockhead Martin
Advanced Technology Center (LMATC) in the

United States, the solar flares are expected to be
1 at its maximum intensity by the year 2640f a
. solar flare or a CME collides with the Earth, it
can cause a geomagnetic storm further causing a

telecommunication blackout. Therefore FD is a
phenomenon, which may help us in getting a
Figure 4(a), (b) &(c) respectlvely for Dst values, warning about this damage.

Solar wind velocity & CRI in the month of May

2005

The data for the CRI in impulse per minute is Conclusion

recorded by Moscow neutron monitors and sun

spot numbers have been analyzed in figure 5. It isIn this paper a major Forbush decrease event has
evident from the graph that when the SSN are lessbeen analyzed. It is concluded that the value of
the CRI is more and when SSN increase there is aDst index shows a significant transient decrease

Coamic reys verigtions{t).
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in similar pattern as that of Forbush decrease i.e.[7]A.Papaivannou et.al,ESA Space weather week
cosmic ray intensity shows a decrease during the2,November.2005

low Dst values. Large scale magnetospheric [8] Sujeet K Mishra.et.al., Proc of 28th

current systems as reflected in Dst values supportlCRC,page 3597, 2003

the concept of simultaneity of geomagnetic [9]Santosh Kumar et al, Proc. Nat Acad. Sc.
effects and decrease in cosmic ray intensity nearlndia, 61 (A), 1,1991

earth regions. [10]Pankaj K. Shrivastava,Proc of 28th

The FD is also correlated with solar wind velocity ICRC,page 3593,2003

because in the above study, we are able to find[11]G. N Shah et al,Proc of 29th ICRC. 00,page
that there was a continuous rise in velocity of 101-104,2005

solar wind just before the onset of FD. But it is [12]JAschwanden Markus in Int. conf. on

clear that magnitude of FD cannot uniquely be challenges of solar cycle 24 at PRL, Ahmedabad,
derived from solar wind parameters. However the India, January 2007

solar wind disturbance is able to create a

magnetic storm, that necessarily effect the cosmic

rays and thus Forbush decrease of Ilarge

magnitude corresponds to a magnetic storm.

The variation in SSN with CRI as reflected in the
graph is a clear indication of the dependence of
CRI on solar flare. Since there was an CME also
we can infer that a number of extreme events
characterized by rather peculiar properties have
taken place in a time period very close to the
minimum of the 2% cycle of solar activity. The
out come of these analyses is that extreme solar
events influence cosmic rays in a dynamic way.
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