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Abstract
Using the cross-phase analysis of geomagnetic data observed in Northern America, we determined the 

equatorial mass density at L = 2.6 and 2.9 during two geomagnetic storms in April 2001. On 25 April, in 

the late recovery phase of the first storm, the frequency of the field line resonances increased slightly in 

response to the reductions in the mass density of the plasma. From 25 to 27 April, the plasma mass density 

showed a clear diurnal variation associated with a linear increase in the plasma density in the daytime and a 

decrease in the plasma density at nighttime. The daytime increases in the plasma mass density were related 

to refilling rates ranging from 181 to 33 amu/cc/h over L = 2.6–2.9. This result is comparable with the 

results obtained in previous studies. On the other hand, on 28 April, the second storm commenced, and the 

plasma mass density increased very steeply. The increase rate reached 473 and 118 amu/cc/h at L = 2.6 and 

2.9, respectively. These values are remarkably high in comparison with the refilling rate observed 

previously. Such an increase in the main phase of the storm can be qualitatively explained by the transfer of 

the plasma and/or the delay of the co-rotation due to the magnetic convection. 
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H+, He+, O+

[5]

Krall et al. [6] H+ He+

ULF

 (field line resonance: FLR) [7]

2010

ULF

FLR

the Magnetometers along the Eastern Atlantic 

Seaboard for Undergraduate Research and Education (MEASURE) Clarkson University (CLK, 

 44.7°N,  285.0°, L  3.1Re) Millstone Hill (MSH, 42.6°N, 288.5°, 2.8Re) The Johns 

Hopkins University Applied Physics Laboratory (APL, 39.2°N, 283.1°, 2.4Re) 3
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1 cross-phase

 L

CLK-MSH 43.7±1.1 °N 286.8±1.8 ° 2.9±0.2 Re 

MSH-APL 40.9±1.7 °N 285.8±2.7 ° 2.6±0.2 Re 
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L = 2.66 0.9 % [12] 2001 4 27 17:30-18:30 UT 
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4 4 28 L=2.6 (a) L=2.9 (b)

y = 473.3x 5276.2
R² = 0.954
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4 25 28 4 4 28 L=2.6

(a) L=2.9 (b) 

1

L=2.6 473 amu/cc/hour L=2.9 118 amu/cc/hour 4 25 ~27

2

2001 4 28

1~3

L L

[14]

4 25 27

4 28 2001 6 19

L

2

Source and Date  Increasing Rate of Plasma Mass Density  [amu/cc/hour] 
L=2.0 L=2.3 L=2.6 L=2.9 L=3.1 L=3.3 L=3.8 

Our Observation 
   25 Apr 2001  - - 181  40 - - - 
   26 Apr 2001  - -  52  33 - - - 
   27 Apr 2001  - -  79  58 - - - 
   28 Apr 2001  - - 473 118 - - - 
Chi et al., 2000 
   25 Sep 1998  200 - - - - - - 
Obana et al., 2010 
   11 Mar 2004  - 248 110 - -  39  13 
   25 Apr 2001  - - -  27  19 - - 
  26 Apr 2001  - - -  32  23 - - 

   18 Jun 2001  - - -  46  70 - - 
   19 Jun 2001  - - -  98 106 - - 
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