Intense dB/dt variations driven by near-Earth bursty bulk flows (BBFs): A case study
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Abstract Case Overview Footprints of Cluster-Swarm A/C on the ground and Locations of 7 geomagnetic stations Field-aligned Currents (FACs) in the Magnetosphere/lonosphere
During 08:49 UT to 08:56 UT, five stations (GIM, RAL, SMI, FMC, T42, ISL, C04, C12),

During geomagnetically disturbed times, geomagnetically induced currents (GICs) flow in Cluster satellites Magnetospheric Observations Swarm-A/C and Cluster C1/C4 are located at the same conjugate region on the ground. 1. For Cluster, in the magnetosphere, an upward-downward-upward FACs str'ucture.appeared
: - between 08:50:10 UT and 08:52:10 UT, where the second upward current is dominant (see

power systems potentially causing damage to these systems. GICs are often produced - 08:50:10 UT 4 BRF detected by Cluster-4 (vel Hadel at [ =699 . , ) . SN L

when the surface seomagnetic field abruptly changes (in particular, the induced rate of rom 08:50: . a was detected by Cluster-4 (yellow shade) at L=6.22, Vx was up to . o " - “ - ’ - Figure 5a, the positive value represented the field aligned direction and the main signal ap-

1000 km/s, and Bz enhanced significantly. pears between the two dashed black lines).

2. Figure 5b and 5c are the FAC density of Swarm A/C from 0/:18 to 0/:22 UT, we can find
the FAC is weak, because this time is the geomagnetic quiet period. After 94 min (one orbit
period of Swarm A/C), at the similar locations, it is indicated from Figure 4c-4d that the FAC
density intensified greatly after the BBF is detected from magnetosphere at 08:50:10 UT.

3. During this 24 min, although the maximum AE is 452 nT (08:26 UT), and the minimum
SYM-H is up to -66 nl (08:33 UT), the variations dB/dt of chosen 7 stations are very weak
before 08:50 UT (Figure 4). Therefore, this BBF is very likely to result in the variation of FAC.

change of the horizontal ground magnetic field component, dH/dt is a suitable proxy). It is
well established that intense dB/dt variations in space and on the ground take place in the
main phase of a geomagnetic storm, and can be particularly driven by magnetic substorms
occurring during the active storm period. There are currently few studies that report in- N S~ @ T T T ] )]
tense dB/dt variations which are directly driven by bursty bulk flows (BBFs) at low-Earth ‘ 08:50 UT 1 I 08:50 UT '
orbit. In this study, we investigate the characteristics and response in the magnetosphere- ' ' '
lonosphere system during the recovery phase of a geomagnetic storm that occurred on 7/
January 2015 by using a multi-point approach combining space-borne Cluster and Swarm
measurements, and a group of ground-based magnetometer observations. The magnetic
footprints of Cluster and Swarm map to the same conjugate region as a group of mag-

netometer ground stations at the time of the BBF. The measurements show that corre-
sponding signals in all measurements occur simultaneously in this region (or with suitable : i ;
lag times). Our results suggest that the most intense dB/dt (and dH/dt) variations are as- T : : - s 2 2 4 & a 2
sociated with large-scale FACs that are driven by BBFs at geosynchronous orbit around bk
substorm onset.
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" " \ /™ "'I,W mmmmmmm B e . 2. The surface dH/dt response time at these stations coincides with the presence of abrupt
Bursty Bulk Flows (BBFs) i - variation of electron flux energy of C4 and C1 from 39 keV to 244 keV (Figure 2j and 2k).
The BBFs in the inner plasma sheet of the magnetosphere are important phenomena that 3. The rates of surface geomagnetic fields of these stations are nearly dominated by the
are closely related to magnetospheric activities and transport of energy and magnetic flux. . variations of northward components (third column in Figure 4), except ISL, while the eastward
BBFs are enhanced bglk velocity events of order of 20 min in dura’gon, co‘ntammg many IE components of geomagnetic fields change only slightly (fourth column in Figure 4). 2
short-lived high-velocity (400 km/s or more) flow bursts. BBFs and its braking may be an E ™
important physics process that can link most substorm phenomena such as reconnection,
current disruption, and aurora. T I m i
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