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Abstract: Present stud deals with the study of solar wind plasma signatures with a main focus 

on magnetic cloud events (MCE), bi-directional electron heat flux (BEHF) events and the geo-

magnetic activity associated with these plasma configurations. Geomagnetic variations are con-

tinuously recorded and monitored through the magnetogram of the Earth’s magnetic field ele-

ments and their qualitative values are obtained by formulating various geomagnetic indices like 

Ap, Kp, aa, AE, Dst, etc. These data are obtained from various geomagnetic observatories, 

which are the part of world network. We have extensively studied the magnetic cloud events and 

bi-directional events. An attempt has been made to correlate them with various geomagnetic ac-

tivities, which are taking place during the period of study i.e. 1996-2003.  
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1. Introduction 

 A magnetic cloud is a transient 

ejection in the solar wind defined by relatively 

strong magnetic field, a large and smooth rotation 

of the magnetic field direction over approximately 

0.25 AU at 1 AU, and a low proton β(=NkT/B2/8π) 

and proton temperature. Magnetic clouds are ideal 

objects for solar terrestrial studies because of their 

simplicity and their extended intervals of southward 

and northward turning of the magnetic field (Burla-

ga, et al., 1990). 

 

 

 Bi-directional Electron Heat Flux Events 

 Interplanetary (IP) disturbances with a 

shock wave at 1 AU, generally have distinct plasma 

and field signatures by which they can be easily 

distinguished from the ordinary solar wind. These 

transient disturbances represent a wide range of IP 

phenomena in the heliosphere. Few of them are 

coronal ejecta driving the shock waves, helium ab-

undances enhancements, anomalously low proton 

and electron temperatures, anisotropies ionization 

states, high magnetic field strength with low field 

variance, magnetic clouds low energy proton bidi-

rectional anisotropies and regions with solar wind 
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electron heat flux (BEHF). Magnetic clouds events 

(MCE’s) present a descriptive image of a coronal 

mass ejection (CME) caused IP disturbances. The 

cloud carries an intrinsic field, often with the cha-

racteristics of a flux rope. It interacts with other SW 

structures and with the ambient medium.  BDE’s are 

interpreted as population of electrons traveling 

along IMF lines which either are rooted at both ends 

in the Sun or else are on close loops entirely dis-

connected from the Sun. Theories have predicted 

that MCE and BEHF are truly fast magnetized 

plasmoids moving away from the Sun into IP space 

and IMF might be draping around them and this 

IMF draping is the possible cause of the characteris-

tic eastward deflection this IMF draping is the poss-

ible cause of the characteristic eastward deflection 

of BEHF at the Earth’s orbit.  This provides insight 

into the physical nature of these two IP transients. 

With a particular interest in the structures including 

MCs and regions with bi-directional solar wind 

electron heat flux (BEHF) termed as bidirectional 

events (BDEs).   Figure 1 depicts the results of 

Chree analysis for BDEs with SW components and 

cosmic rays. The left panel shows the CH non asso-

ciated events, while right panel represents CH asso-

ciated events. Similar plots for MCEs are shown in 

Figure 2 

 MCEs and BDEs consist of different plasma 

and magnetic field characteristics. Such distur-

bances in IP medium certainly produce influence on 

energetic particles of galactic cosmic rays. Both 

MCE and BDE have been divided in to two catego-

ries one which is associated with the CH and the 

other which is not associated with CH and then their 

influences have been explicitly analyzed. It is found 

that the characteristics of these two types of tran-

sient disturbances in associated with CH or without 

CH differ appreciably in plasma velocity and tem-

perature.  

 The BDEs associated with CH are found 

significantly responsible for enhanced decrease in 

cosmic ray intensity,  but lesser decrease and fast 

recoveries are evident in case of events associated 

with CH. It is found that BDEs not associated with 

CH enhances the solar wind velocity on short - term 

basis. Both kinds of events in either the category 

enhance the plasma temperature and produce de-

crease in cosmic ray intensity. However slight de-

creases and gradual recoveries are observed for the 

events not associated with coronal holes (Kaushik 

2003). 

The results for interplanetary magnetic field 

B and its components Bx and By are depicted in 

Figures 3 respectively. The upper panel of Figure 

4.19 shows the variation profile of the interplaneta-

ry magnetic field B, for positive magnetic clouds 

and the lower panel gives the results for IMF B 

observed for the negative clouds. For Bx compo-

nents there is a little difference between the plots 

for two types of clouds  for positive and negative 

magnetic cloud events (MCE’s). The results for the 

By components of the interplanetary magnetic field 

(IMF) for positive and negative magnetic clouds are 

given in Figure  As it is clearly seen that the IMF 

for negative clouds becomes more southward after 

the passage of the cloud and then becomes north-

ward whereas, in the case of positive clouds, IMF 

which is initially northward becomes weakly 

southward. Results obtained for negative clouds are 

found quite different from the results of positive 

clouds. This behavior significantly indicates differ-

ent interplanetary conditions during the passage of 

these two types of magnetic clouds substantiating 
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the previous results (Burlaga et al. 1981 and 1997, 

Kaushik and Shrivastava, 1999; Kaushik 2004).  

  The magnitude of the magnetic field in the 

sheath region in MCE increases as one approaches 

the MC boundary, while in BDE, immediately in 

front of BEHF boundary, the magnetic field de-

crease larger and varying magnetic field during the 

period of MCE’s certainly produces decrease in 

solar wind plasma velocity as well as in the intensi-

ty of cosmic rays. Therefore, increase in plasma 

velocity is associated with bi-directional events 

accompanied with coronal holes. Observational 

results indicate physical influence of coronal holes 

on solar wind as well as on cosmic rays. It is known 

that the area and position of coronal holes may 

serve as a certain quantity in the distribution of an 

open magnetic flux on the Sun.   A coronal hole 

consist of a region of open magnetic field lines from 

which plasma can apparently easily expand and 

contribute significantly to the high speed solar wind.   

A close correspondence has been demonstrated 

between  

fast solar wind streams, the magnetic polarity of 

coronal holes and open field lines in the corona. 

Thus, high-speed plasma streams from 

shock/contact surface along neutral sheet, as it inte-

racts with low speed ones coming from other part of 

the Sun. When the galactic cosmic rays coming 

from deep surface interact with this shock/contact 

surface generated by the interaction of high-speed 

streams with low speed solar wind streams, they 

suffer modulation effects. The propagation of these 

coronal hole-associated streams into the interplane-

tary medium significantly produces modulation in 

high-energy particles as well as in magnetic field. 

The modulation of galactic cosmic rays at neutron 

monitor energies varies year to year showing their 

dependence on solar sunspot cycles. It is expected 

to be so due to the variations of coronal holes area 

during sunspot maxima and minima. During suns-

pot maxima conditions, the coronal holes are small 

in area and concentrated near the poles. During 

solar minima conditions, the polar coronal holes are 

much larger in area dominating a larger function of 

the solar disk and greatly influencing the helios-

pheric conditions in the elliptic plane. 

 

Figure 1 Chree analysis plots depicting the solar 

wind plasma components and comic ray intensity 

for bidirectional events (BDEs). Left and right pa-

nels show CH-NON associated and CH-associated 

events respectively. 0 on X-axis indicates the events 

day 

 

Figure 2 Chree analysis plots depicting the solar 

wind plasma components and comic ray intensity 

for magnetic cloud events (MCEs). Left and right 

panels show CH-NOT associated and CH-

associated events respectively, 0 on X-axis indicates 

the events day  
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Figure 3 It represents the results of Chree 

Analysis performed for Bi-directional elec-

tron heat flux events during the occurrence 

of Magnetic Cloud Events. Upper panel of 

figure depict the variation profile of the in-

terplanetary magnetic field By during the 

passage of positive MCE's (i.e. Northward di-

rected magnetic field vector 'B').The lower 

panel represent the same but for negative 

MCE's. 0 on the X-axis indicates the onset of 

the events. 
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