
PBI に伴う Pi2 地磁気振動と対応するオーロラ
の準周期的変動と内部磁気圏の電磁場振動
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Auroral phenomena and Pi2 pulsations 

• Pi2 pulsations are irregular geomagnetic oscillations that occur with various auroral phenomena, 
such as substorms, pseudo breakups, and poleward boundary intensifications (PBI).

• PBIs have the different source location and the physical process from those of substorms.
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Why are PBIs and substorms associated with the same pulsation?



PBI-related Pi2 pulsations

I s t h e s i g n a t u r e o f t h e 
plasmaspheric resonance observed 
in the inner magnetosphere?

Is the signature of FAC oscillating 
related-Pi2 pulses observed near 

the poleward boundary?

The magnetic and electric field  
observations by the RBSP satellites

Spatial-temporal comparison 
between auroral and ground 

magnetic field

Nishimura et al., [2012]

ing around 73! magnetic latitude. Although the PBI-Pi2
bursts are correlated with the negative disturbances, the
initial cause of the PBI-Pi2 pulsations is not the westward
current. We observed that the PBI-Pi2 pulsations at middle/
low latitudes have different features at different local times,
that is, Alfvénic signatures near the duskside and no phase
delay near the midnight with latitudes. These observations
could be interpreted by the model presented by Kepko et al.
[2001]. According to their model, the period and duration of
the Pi2 pulsation are determined at a source region, where
fast earthward flows brake. The PBI-Pi2 pulsations in our

study have an irregular period and amplitude even though
during very quite geomagnetic condition. Our observations
would be attributed to source dependent signature rather
than plasmaspheric cavity mode. However, we need a direct

Figure 13. Orbit of the Polar spacecraft for the interval of
1800–2200 UT on 27 December 1997. The orbit is
projected onto the solar magnetic (top) y-z and (bottom)
x-y plane.
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Figure 14. (a) Plasma density estimated from the space-
craft potential data. (b) Dipole shell parameter L for the
interval of 1900–2200 UT.

Figure 15. (a) bzMFA, byMFA, and Exy for event E. The
smoothed traces in bzMFA and byMFA and Exy are filtered (2–
10 mHz). (b) Comparison of the byMFA component at Polar
and the H-component at OUL and YOR.
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brightening in spite of the stations being located close to
the substorm onset meridian.
[21] While the Pi2 period stayed roughly constant in the

Figures 6a and 6d events, the Pi2 period of the rest of the
events notably changed: at 0316–0320 UT in Figure 6b,
0806–0808 UT in Figure 6c, 0934–0935 UT in Figure 6e,
and irregularly in Figure 6f. In addition, the Pi2 amplitude
often behaves quite differently from monotonic decay, which
is not what would be expected from the cavity mode oscil-
lation suggestion. For example, The amplitude suddenly
increased several minutes after Pi2 initiation (!0500 UT in
Figure 6a, !0318 UT in Figure 6b, and !0352 UT in

Figure 6f) or stayed roughly constant during many oscilla-
tions (Figure 6d).

4. Latitudinal and Longitudinal Distribution
of Pi2

4.1. Latitudinal Distribution
[22] Figure 7a shows selected magnetometer data filtered

in the Pi2 frequency bandwidth during the event shown in
Figure 4. The latitudinal distribution of the H and Z ampli-
tudes at 0537:00 UT are given in Figure 8a (blue dots). The
observed values were fitted by a simple current wedge

Figure 6. (a–f) Auroral keograms and magnetometer data for 6 more events.
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Ground based and satellite location
2013-02-06/06:59:47 event (Kp=0)

satellites: RBSP A,B (EMFISIS, EFW), GOES 13, 15 (fluxgate)
all sky imager: THEMIS ASI (RANK, SMAP)
ground-based magnetometer : THEMIS GMAGS, MAGDAS/CPMN
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2013-02-06/06:59:47 event (Kp=0)
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Keogram and nightside magnetogram (packet 1)
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Z phase reversal 
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Quasi-periodic auroral 
emission associated with PBI
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Keogram and nightside magnetogram (packet 2,3)
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longitudinal profile at midlatitude
dusk
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midnight D phase reversal



magnetic vector distribution (300 s hp-filtered)

The pattern of magnetic vectors is consistent with 
oscillation of a pair of FACs [e.g., Lester et al., 1983]
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Z phase reversal

higher 
latitude
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Nightside Pi2 and dayside Pi2 are very similar 
[e.g., Sutcliffe and Yumoto, 1989].
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Pi2 in inner magnetosphere: RBSP and GOES observation
(300 s hp-filtered)
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Comparison of compressional component
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Magnetic and electric fields of compressive mode
~11 s resolution
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Other examples of auroral signatures of PBI-Pi2
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