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Quebec Blackout (March 13, 1989)

New Mexico and Colorado (December 6, 
2006)

Ref : http://www.spaceweather.org/ISES/swxeff/swh.html

Space weather effects
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Geomagnetic storm

Geomagnetic storm profile of extreme storm of 15th June 2000 Schematic physical process for geomagnetic storm as per Dungey 1961
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Image credits: https://soho.nascom.nasa.gov/

Figure credits: Raghav & Shaikh (2020), MNRASL

Burlaga et.al. 1981,1987; Cane et al., 1993, 2000; 
Zurbuchen et.al., 2006; Richardson et.al.,2010,2011, 
Kilpua et al., 2017; Ghag et.al. 2023

CME’s and ICME’s



Kalpesh Ghag (UDP-MU)                                             kalpesh.ghag@physics.mu.ac.in

Interaction of ICME’s

Werner et al. (2019) Space Weather Y. Shugay et al (2018) J. Space Weather Space Clim
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Pancaking of ICME

Raghav and Shaikh et al. (2020) MNRASL
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Nakagawa et al (1993), Palmerio et al (2016) , Raghav et al (2022), Shaikh et al (2020, 2022)

Planar Magnetic Structures(PMS)
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PMS in interplanetary space

Shaikh et al (2020a), MNRS

Shaikh et al (2022), ApJ

Shaikh et al (2020b), MNRS

Palmerio et al (2016), In Annales Geophysicae
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Magnetic cloud as PMS

Shaikh and Raghav (2022) suggest that 121 (29%) ICME MCs are planar, whereas 299 (71%) are non-planar.
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Comparison of different plasma parameters in planar and non-planar ICME sheath and 
magnetic cloud taken from Shaikh et al (2020) and Shaikh and Raghav (2022).

PMS properties

Shaikh et al. (2020) suggest that out of 420 ICME events, 147 (35%) ICME-driven sheaths are planar, whereas the remaining 273 
(65%) are non-planar.

Shaikh and Raghav (2022) suggest that 121 (29%) ICME MCs are planar, whereas 299 (71%) are non-planar.
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Raghav et al (2022)

Geoeffectiveness of PMS – A case study
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Statistical study of PMS 

Ghag et al. (2023), Universe
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Statistical study of PMS 

Contribution of PMS into different categories of geomagnetic storms

Ghag et al. (2023), Universe
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 Our study statistically confirms the hypothesis that ICMEs that are transformed into PMS are more 
geoeffective than non-planar ICMEs.

 The combined enhancement in the magnetic field components and plasma parameters is found in 
the planar sheath and MCs

 The enhancement in the magnetopause current and ring current due to enhanced plasma 
conditions could be the main reason for the high geoeffectiveness of planar ICMEs.

Major Findings
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What next?

It is indeed fascinating to investigate the degree to which planarity amplifies the geoeffectiveness
of sheaths, considering that sheaths are already acknowledged as impacting Earth’s geomagnetic 

activity.

The role of planar structures in inner and outer magnetosphere dynamics; particle 
acceleration and wave generation  

If the PMS possesses northward component (+Bz) , what will be the effect on the Earth’s 
magnetosphere?

What is effect of PMS on Ionosphere and magnetosphere coupling?

We encourage the inclusion of PMS in modelling and prediction studies of geomagnetic storm.
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What we are doing !
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Thanks !
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