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Correlation between Pi1B micropulsations and poleward boundary intensifications
E. J. Lund[1,*], C. Weaver[1,2], M. R. Lessard[1,2], Y. S. Ge[1], and M. J. Engebretson[3]

[1]Space Science Center, University of New Hampshire, Durham; [2]Physics Department, University of New Hampshire, Durham;
[3]Department of Physics, Augsburg College, Minneapolis, MN; [*]Corresponding author: Eric.Lund@unh.edu

Introduction
• Pi1B associated with substorm onset in time and space
 [Milling et al., 2008]
• Pi1B linked to Alfvénic aurora [Lessard et al., 2006,
 2011]
• PBIs often precede substorms [Nishimura et al., 2010;
 Lyons et al., 2010]
• But not all PBIs are substorm related [e.g., de la
 Beaujardière et al., 1994]
• PBI location likely maps to tail reconnection site
• Fast flows associated with both substorms [Baumjohann
 et al., 1990] and PBIs [Lyons et al., 1999; Zesta et al.,
 2011]
• Pi1B-like waves seen in fast flows [Lessard et al., 2008]
Q: Are Pi1B and PBIs related?

References
Arnoldy, R. L., J. L. Posch, M. J. Engebretson, H. Fukunishi, and H. J. Singer (1998), J. Geophys. Res. 103, 23581.
Baumjohann, W., G. Paschmann, and H. Lühr (1990), J. Geophys. Res., 95, 3801.
Chi, P. J., D.-H. Lee, and C. T. Russell (2006), J. Geophys. Res. 111, A08205.
de la Beaujardière, O., L. R. Lyons, J. M. Ruohoniemi, E. Friis-Christensen, C. Danielsen, F. J. Rich, and P. T. Newell (1994), J. Geophys.
 Res. 99, 287.
Keiling, A., J. R. Wygant, C. Cattell, M. Temerin, F. S. Mozer, C. A. Kletzing, J. Scudder, C. T. Russell, W. Lotko, and A. V. Streltsov (2000),
 Geophys. Res. Lett. 27, 3169.
Lessard, M. R., E. J. Lund, S. L. Jones, R. L. Arnoldy, J. L. Posch, M. J. Engebretson, and K. Hayashi (2006), Geophys. Res. Lett. 33,
 L14108.
Lessard, M. R., C. Mouikis, M. J. Engebretson, and H. J. Singer (2008), AGU Fall Meeting, Abstract SM52A-06.
Lessard, M. R., E. J. Lund, H. M. Kim, M. J. Engebretson, and K. Hayashi (2011), J. Geophys. Res. 116, A06203.
Lyons, L. R., T. Nagai, G. T. Blanchard, J. C. Samson, T. Yamamoto, T. Mukai, A. Nishida, and S. Kokubun (1999), J. Geophys. Res. 104,
 4485.
Lyons, L. R., Y. Nishimura, Y. Shi, S. Zou, H.-J. Kim, V. Angelopoulos, C. Heinselman, M. J. Nicolls, and K.-H. Fornacon (2010), J. Geophys.
 Res. 115, A07223
Milling, D. K., I. J. Rae, I. R. Mann, K. R. Murphy, Z. C. Kale, C. T. Russell, V. Angelopoulos, and S. B. Mende (2008), Geophys. Res.
 Lett. 35, L17S20.
Nishimura, Y., L. R. Lyons, S. Zou, V. Angelopoulos, and S. Mende (2010), J. Geophys. Res. 115, A07222.
Semeter, J., C. Heinselman, G. G. Sivjee, H. U. Frey, and J. W. Bonnell (2005), J. Geophys. Res. 110, A11310.
Zesta, E., Y. Shi, E. Donovan, E. Spanswick, L. R. Lyons, V. Angelopoulos, J. P. McFadden, C. W. Carlson, H.-U. Auster, S.
 Mende, M. A. McCready, C. J. Heinselman, E. Kendall, and R. Doe (2011), Geophys. Res. Lett. 38, L08105.

Substorm-Related PBI: 5 March 2008 
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Figure 2. Induction coil data from Søndrestrøm, 00–06 UT.

• Substorm onset ~0200 UT
• PBIs at ~0225, 0232 UT (Figure 1)
• Pi1B seen at same times as substorm onset,
 PBIs (Figure 2)
• PBI is in recovery phase
See also Zesta et al. [2011]

Figure 1. All sky camera images from Søndrestrøm,
0227–0233 UT.

Figure 3. IMAGE/WIC global auroral images, 0000–0145 UT.
• PBI observed at 0030 UT (Figure 3)
• Pi1B observed to start at same time (Figure 4)
• FAST overflight of subsequent PBI (~0148) suggests
 auroral precipitation in transition between Alfvénic
 and inverted-V type (Figure 5)
see also Semeter et al. [2005]

Figure 4. Induction coil data from Søndrestrøm, 00–06 UT.

Figure 5. FAST electron data
from PBI overflight at 0148 UT.
Arrows indicate (1) inverted-V,
(2) transitional, and (3) Alfvénic
aurora.

Figure 6. Positions of THEMIS spacecraft at
1104 UT, when CASCADES-2 was launched

Figure 7. Induction coil data from Kaktovik, 10–12 UT.

• CASCADES-2 rocket launched into PBI at
 1104 UT
• Conjunction with 3 THEMIS probes (Figure 6)
• Pi1B observed downrange (Figure 7)
• Fast flows and Pi1B-like waves observed on
 all 3 THEMIS probes in conjunction (Figure 8)

Figure 8. Magnetic field spectrograms
and flow velocities for THEMIS D, E,
and A, 1030–1130 UT.

• Two propagation paths from near-Earth
 neutral line to ionosphere (Figure 9):
 - Direct propagation along field line to
  probable PBI initiation point [Keiling
  et al., 2000]
 - Tamao path [Chi et al., 2006] to
  substorm onset location
• PBIs in equatorial plane are fast mode
 [Arnoldy et al., 1998]
• Waves propagating along field lines are
 shear mode [Lessard et al., 2006]
• Tamao path requires mode conversion
Hypothesis: Near-Earth neutral line reconnection not sufficient for substorm onset—
 must have near-tail process as well, or non-substorm PBI results

Figure 9. Cartoon showing two propagation paths
from near-Earth neutral line to ionosphere: Tamao
path (green) and direct path (magenta).

Summary

• Pi1B observed in association with PBIs as well as substorms
• Also linked to Alfvénic aurora and fast flows
• Places constraints on substorm initiation models

Acknowledgements
We acknowledge data provision and/or helpful discussions with K. A. Lynch, J. V. Olsen, J. Semeter, and E. Zesta.
The research was supported by the National Science Foundation under grants ANT-0839938 and ANT-0838910 and by the National
 Aeronautics and Space Administration under grant NNX07AN35G.

10

100

1000

10000

D
ow

nw
ar

d 
(e

V)

10

100

1000

10000

106

109

10

100

1000

10000

Pe
rp

en
di

cu
la

r (
eV

)

10

100

1000

10000

106

109

:47:40 :48:00 :48:20
Time (UT) Minutes from 2001-11-20/01:47:40

10

100

1000

10000

U
pw

ar
d 

(e
V)

:47:40 :48:00 :48:20

10

100

1000

10000

106

109

eV
/(c

m
  s

 s
r e

V)
2

eV
/(c

m
  s

 s
r e

V)
2

eV
/(c

m
  s

 s
r e

V)
2

1 2 3


