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Observing the MLT and L-shell dependence of
ground magnetic signatures of the ionospheric
Alfv én resonator

A. Parent, I. R. Mann, and K. Shiokawa

Abstract: The ionospheric Alfvén resonator (IAR) is a natural remuncavity in the upper ionosphere that can effectively
trap shear Alfvén waves within its boundaries, causingrthe form a vertical standing wave pattern. The effects of

the IAR are observable as discrete spectral features imgrawagnetometer data in the 0.1 to 10 Hz range. To date,
many studies of ground magnetic signatures of the IAR havasied on observations over time at a single site. In

an attempt to understand the global extent of the resonaopresent results of a preliminary study in which we
characterize IAR features across a network of stationstlynagthin the Canadian sector. We quantify the evolution

of IAR eigenfrequencies at each site by analyzing the variabf harmonic frequency values and discrete harmonic
frequency spacing over time, and we present the dependénibese properties on magnetic local time (MLT) and
L-shell. From our results it can be seen that IAR signatuteser/ed at sites across a wide range of longitudes have
characteristics which are ordered by magnetic local tintee AR eigenfrequencies typically become apparent betvi€en
and 18 MLT, in the late afternoon/early evening hours, areh timcrease in frequency, with discrete harmonics becoming
spaced further apart, with increasing MLT. Towards midhighe rate of frequency increase with MLT/UT is observed to
slow, with harmonic frequencies reaching a plateau befor&oime cases decreasing between midnight and 05 MLT. A
potential L-shell effect can also be observed by lining uRlIgignature onset times and comparing the average frequency
spacing between discrete IAR harmonics. The lowest L-vatagon exhibits the smallest average harmonic frequency
spacing and the lowest and most linear rate of increase mdrdc frequency spacing with time. Plans for future work
involve further observational studies of IAR magnetic sigmes, which will be important in improving our understegd

of the physics of the ionospheric Alfvén resonator and fitsct upon magnetosphere-ionosphere interactions.
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1. Introduction collection of magnetometer stations predominantly in tle C

The ionospheric Alfvén resonator (IAR) is a resonant cav—nalOIIan sector. We quantify the evolution of IAR eigenfretue

itv that is believed to form in the er ionosohere betwee cies by determining discrete harmonic frequency values and
![vzo re ilons Olf I\ér e Alfvén \I/elocit uprpadielznts g 1 |¥V The average frequency spacing between adjacent harmanics a
. 9 9 Y9 . [e.g., 168, . a function of time at each site. This preliminary study alow

is thought to be stimulated by the generation of shear Alfve |4 iy estigate procedures that can be used to quantify IAR
waves in th_e E-layer, which may be tngggred by elec_tromagfesonance features in ground magnetic data. These aresthe fir
netic em|ss_|ons.due to thunqlerstorm actvity [1, 8], or pzdys, steps towards performing more in-depth observationaietud

by fluctuations in the E-region neutral wind [7]. The Alfvén ¢y voconator, Ultimately, by characterizing the vaoiaof
waves, traveling along geomagnetic field lines, can underg X '

. X . - . . PAR features with L-shell and magnetic local time, we hope
partlal reflection at velocity gradllents, Ieadlnglto.a\zmtstand- to better understand how the observed IAR features might be
ing wave pattern in the upper ionosphere within the resonarﬁ)sed to monitor in real-time the local structure of the tdpsi
cavity (see e.g., papers in a special IAR-related issue ef thionosphere above a point of observation (i.e., a ground xagn
Journal of Atmospheric and Solar-Terrestrial Physics,8&)| tometer site) o
No.4, March 2000). '

The excitation of the IAR can be observed as distinct spec-
tral features in ground magnetometer data in the 0.1 to 19 pata Analysis
Hz range. This frequency range includes Pc1-2 geomagnetic
pulsations (0.1 to 5 Hz) within the ULF band [5], and extends2.1. Search Coil Magnetometer Network
into lower frequencies of the ELF band. We characterize IAR The network of search coil magnetometer instruments used
features occurring over one day, September 25, 2005, agrossn the September 25, 2005, study is shown in Figure 1. Four
of the stations used are located in Canada, while a fifth (UZR)

Received 28 May 2005. is located near Lake Baikal in Russia. Station details pitcl
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http://www-space.eps.s.u-tokyo.ac.jp/ hayashi/. Théi84n-
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the 10 Hz induction magnetometer stations (PKS, HRP, LCL,

strument at ATH is operated by the Solar-Terrestrial Enviro UZR) was processed using a sliding FFT Hanning window,
ment Laboratory (STELAB) and is housed by Athabasca Uniwith a length of 2000 points and a 250 point time step. The

versity Geophysical Observatory. ATH station informatoam
be found on the website:

http://stdb2.stelab.nagoya-u.ac.jp/index/canadd.htm
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Fig. 1. Search coil magnetometer locations in Russia (top) and
Canada (bottom). The grid shows lines of geographic laitadd

longitude.
Station CGM L-value | Magnetometer Info.
Lat Long Cadence, Available Axes
ATH, Athabasca 62.0 | 306.6 | 4.61 64 Hz, Hand D
PKS, Parksite 60.7 | 315.3 4.23 10 Hz, D only
HRP, Hornepayne | 59.7 | 348.1 4.00 10 Hz, D only
LCL, Lucky Lake 59.5 | 315.7 | 3.94 10 Hz, Hand D
UZR, Uzur, Russia | 48.37 |181.94| 2.30 10 Hz, Hand D

Table 1. Summary of search coil magnetometer station locations

and relevant instrument details.

2.2. Dynamic Spectra Visualizations of the AR . cal ur ! I .
Signatures of the IAR, observed in the dynamic power oftions shiftin time (from Figure 2 to Figure 3) and become dis-

the D-component (magnetic east-west direction) at eaelosit

64 Hz induction data from ATH station was processed with a
Hanning window length of 12800 points and a 1600 point time
step. For all stations, a uniform frequency resolution oft3zm
and time resolution of 25 seconds were hence obtained.

The IAR signatures are easily identified as the upward slop-
ing, stripe-like structures in the dynamic power spectaogs
of Figures 2 and 3. The signatures shown are quite typical of
magnetic observations of the resonator [e.g., 2, 3, 9]. iplelt
resonance bands (discrete harmonics) generally become vis
ible in the early evening (local time) and increase in fraguye
with harmonics becoming spaced further apart, towardd loca
midnight. In some observations of the IAR, harmonics can be
seen to decrease in frequency and become spaced closer to-
gether as local time progresses from midnight into earlyrmor
ing [9]. Some evidence of this tendency can be seen in the sig-
natures of ATH, PKS and LCL stations, between 00 and 05
MLT in Figure 3.

In Figure 2, in which dynamic power has been plotted as
a function of UT, IAR signatures in the ATH, PKS and LCL
plots are the most distinctive. Exact onset times are difficu
to determine since the discrete banded structure emerdyes on
gradually from the background noise. However, the sigratur
at these three sites appear to become visible at roughly the
same time, around 01 UT, on September 25. This is not sur-
prising, as these stations are located within a small rafige o
longitude (about 10 degrees), and would be rotating intalloc
evening hours at roughly the same UT. It is also interesting t
note that in the case of these stations, the power in theadéscr
frequency signatures of the IAR as compared to background
noise (the modulation depth), is observed to increasefgigni
antly around 02 UT. IAR features at HRP station are quite dif-
fuse in comparison, with eigenfrequencies difficult to idist
guish from the noise, representing a low modulation depth. W
would expect IAR signatures at HRP to become visible at an
earlier UT, since the station is located about 30 degreds eas
of the ATH, PKS and LCL stations. However, this is not the
case, and the IAR signatures at HRP actually seem to appear
at a later UT than they do for the other three stations. Rinall
in Figure 2, the UZR station signatures are seen to occur at
a much later UT than at any of the other stations. This makes
sense since the longitudinal location of the site is verfedint
from the Canadian sector stations. In the course of Universa
Time, the Canadian stations rotate into evening first, aed th
IAR signatures seen during the nighttime at these sitesrare,
this study, being compared to the IAR signatures seen at the
Russian site as UZR rotates hours later into the eveningrsect
The UZR signatures appear for a much smaller time interval
than those seen at the other stations in the Canadian sector.

In Figure 3 essentially the same signatures are displayed,
however, their evolution has been plotted as a function af-ma
netic local time. Most importantly, the signatures for ali-s

tinctin the late afternoon /early evening hours of MLT, betwn

September 25, 2005, are shown in Figures 2 and 3 as a fun&6 and 18 MLT. The biggest movement of IAR signatures oc-
tion of Universal Time (UT) and magnetic local time (MLT)' curs for UZR station, which shifts from an onset at about 11
respectively. The plots from each station listed in Tableel a UT in Figure 2 to 18 MLT in Figure 3. It is evident then, that
shown from top to bottom with decreasing L-value. Data fromfor this day at least, as the stations rotate into the eveseng
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Fig. 3. IAR resonance features in the dynamic power
spectrograms of dD/dt as a function of MLT. Frequency in Hz

is shown along the ordinate axes. In the top four panels, ¢he 2
hours of MLT (displayed along the abscissa) were formedgusin
data from the UT days: September 24 and 25, 2005. The bottom
panel was formed from the UT days: September 25 and 26, 2005.
Magnetic data was processed in the same way as in Figure 2; see
text for details.

Fig. 2. Dynamic power spectrograms of dD/dt as measured by
the magnetometer stations listed in Table 1, in order of edesing
L-shell, as a function of UT. Frequency in Hz is displayednglo
the ordinate axes, while the abscissa indicates hours ofelsal
Time, starting at 20 UT on September 24 and running until 00
UT on September 26, 2005. The color-scale represents thgaci
power in arbitrary units. White arrows indicate UT pointsloal
midnight (OOMLT). For data processing details, see the. text

tor, the 1AR signatures appear in ground magnetic data. Thig-3. Quantifying IAR Signatures .
represents a significant MLT effect, indicating that IAR cha A technique based upon the ‘interactive on-screen cursor
acteristics can be organized by MLT over an extended range @fick’ technique of [4] was used to quantify IAR signatures
longitudes. in this study. IAR harmonics were identified by clicking on
In examining the plots of Figure 3, there appears to be evidthe magnified dynamic spectra. An illustration of the teglei
ence for an L-shell effect as well. The higher L-shell stagsio applied to ATH station data is shown in Figure 4. The identi-
(ATH, PKS, HRP and LCL) are perhaps too close in L to ex-fied frequency values for each harmonic were then plotted as
hibit an observable difference when the dynamic power plot& function of time, as in Figure 5. This method exploits the
are compared by eye. However, the signatures at UZR stdact that the human eye is an excellent natural filter. Itdgell
tion, occurring at a significantly lower L-value, appear 1 e harmonics which were very consistent with dynamic spectra
hibit visible differences. The harmonic frequency bands ar visualizations.
narrower in frequency and more closely spaced together. Fur

thermore, the signatures exhibit a less steep slope andsivol . . .

a more linear fashion as time progresses. A more quanétativg' Results: IAR Eigenfrequency Evolution

analysis is presented below and will serve to better meaisare  The variation of discrete harmonic frequency values with
magnetic local time is shown in Figure 6. In each panel, fre-

differences and similarities of the IAR features at thetessi
quency values for a specific harmonic number, N, are plot-
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IAR Eigenfrequency Values
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Fig. 4. Harmonic frequency values were determined by clicking 6
on the displayed dynamic power plot. White diamonds indicat AN
where eigenfrequency values were identified with a cursok.cl
This example shows dD/dt dynamic power spectra for ATH
station on 25 September, 2005.
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Fig. 5. The evolution of resonance features is thus quantified by
plotting eigenfrequency values as a function of time. That pl 0
shows results for ATH station on 25 September, 2005. The time 8
resolution is 20 minutes.
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ted for all stations that exhibited the harmonic. The plats a
ordered by increasing harmonic number from bottom to top.
The precise pinpointing of IAR signature onset times is a del
icate task involving the local signal to noise response ef th
instrument, and the comparison of relative power at discret
IAR eigenfrequencies as compared to power at adjacent fre- ~ s —==2"
quencies. In this preliminary study, it is important to ntitat
the onset times as shown in Figure 6 are only roughly estim- 2
ated by eye. In future studies, a more systematic deteriminat XX x N L
of IAR signature onsets may allow onset times to be compared | X s 8
with, for example, ionospheric sunrise/sunset times (i
entionospheric layer heights) to determine if a relatigmshn
be observed.

Consider first the fundamental frequency values plotted in
the bottom panel of Figure 6. For all stations, the approxim-
ate onset times occur between 16 and 18 MLT, confirming the 2 | .. .8%7 ,...* oLcL ||
MLT effect observed and discussed in Section 2.2. In additio 1 * UZR
the turning points, where the upward-sloping discrete loarm ,
ics are seen to flatten out and begin to slope downward, oc- s 18
cur for all sites between 00 and 03 MLT. The observationgt.
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at these sites on this particular day suggest that IAR sign ig. 6._ Variation of ha}rmonic frequency values with mag_netic
tures can be organized according to magnetic local time re2Ca ime, as determined from analysis of dD/dt dynamic
gardless of longitudinal location, as their onset timeg ten power spectra. In each panel, frequency valugs of specmc
become aligned in the late afternoon/early evening MLT bpur harmonic n_umber, N, are plgtte_d for e.aCh station. Statierts a
and their turning points tend to become aligned around migSC"esPonding symbols are indicated in the legend.
night/early morning MLT.

(©2006 ICS-8 Canada
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In Figure 6, the lowest harmonic (N = 1) eigenfrequencies Average Frequency Spacing as a Function of MLT
at PKS and LCL behave very similarly, as might be expec- 175
ted since these sites are located close to each other amd thei a
local ionospheres may share comparable characteristhes. T *° R
fundamental harmonic at ATH starts off like that of PKS and _ 9007 a*
LCL, however the positive gradient signature flattens ot at £ 12 Soall L PR,
lower frequency value. The stations at HRP and UZR exhibit2 % | a,
more unique IAR behavior with respect to the fundamentalg IS «ATH
frequency. The fundamental mode harmonic at HRP show§ ,, gt 5 PKS ||
the lowest frequency values of all the stations, while at UZR ﬁgbx xJa AHRP
the first harmonic consists of the highest frequency vallies. 5, e as ocL ||
should be noted that the identification of this harmonic as th DDXDXDXQ%IXA“ x UZR
fundamental one, in the case of UZR station, was very diffi- o025 ‘ |
cult, owing to the large amount of magnetic activity in thelPc 15 18 2 % 03 08 09
range occurring around 18 — 21 MLT. Time (MLT)

Regar.dlng the hlgh_er order harmonlcs dlsplayed In I:lgur?’—'ig. 7. Average frequency spacing between adjacent IAR
?eylgt]i((a)ndltf)cger:g ;ﬁlztﬁe%e\r/]grilq%ir::ﬂe:se}[thgscdr; dS:;e tﬁgr}i\é%’a%rmonics at each station, as a function of MLT. The legend
mental frequency case. ForN1, IAR signatures at ATH fol- indicates stations and corresponding symbols.

low more closely the behavior of signatures at PKS and LCL.

As N increases, HRP continues to exhibit the lowest harmon Average Frequency Spacing with Station Onset Times Aligned
frequency values. At N = 3 and 4, the eigenfrequenciesatUZ '75
decrease, approaching those of ATH, PKS and LCL station
however it can also be seen that the UZR signatures displi % RURSITS
a slightly less steep slope as frequency values increase w o fA
MLT. Finally, in the N = 5 plot, it becomes too difficult to ' ST T ™,
quantify higher harmonic frequency values for UZR and HRF 3 oo quf‘ ° e
stations. The fifth harmonics at PKS, ATH and LCL behave ir § ' M PRl
a similar manner. g 200,48

In addition to considering absolute frequency values of IAF * 075 R !auuxx x ;QL: N
harmonics at each site, it is also of interest to calculaeatter- .65§QE oo™ A HRP
age frequency spacing between adjacent harmonicsas a fu  2%° o‘:&gé;i* oLcL [
tion of time. This quantity, sometimes referred to as fremye iix**x e
scale, effectively describes how spread apart, on avetage, %% ~——— i

discrete eigenfrequencies are, and its time dependenie ind

ates how the spreadin_g evolves (e.g., Iingarly or non-ﬂy}aa Fig. 8. Average frequency spacing between adjacent IAR
and at what ,rate," In Figure 7, the eVOl_Ut'On of harmonic fre- armonics with signature onset times at all stations lined u
quency spacing IS presented asa function of MLT. The 9€nerghe gata series shown in Figure 7 have essentially beeredhift
IAR trend !nVQIVIng an Increase in frequgncy scale over t'me‘ln time so their first data points coincide. The abscissacateis
toward_s midnight, and then a decrease into th,e early MorniNGme intervals during the evolution of eigenfrequenciesd does
hours is observ_ed here. _Th‘? frequency_spac!ng of the ATH, ¢ ingicate specific MLT or UT instances. See text for more
PKS and LCL signatures initially evolve in a similar manner, yqails.

from 17 - 22 MLT. After this time, the frequency scales devi-

ate. The harmonic spacing at ATH increases quickly betweethis figure, the onset times of the IAR signatures at each site
22 and 23 MLT, and then its positive gradient lessens graduhave been lined up to coincide with each other. This allows th
ally until, from 02 - 03 MLT, a decrease in spacing occurs.evolution of frequency scales to be compared from a common
Beyond 22 MLT, the frequency spacing at PKS and LCL in-starting point (onset time), regardless of when, in MLT, the
crease fairly linearly until abrupt drop-offs at about 03 ML  signatures at each site actually occurred. Hence, thedraxyu
The discontinuous drop-offs in frequency scale are atsfat  scales plotted in Figure 7 have been shifted in time in Figure
the disappearance of quantifiable upper harmonics thalgare s so that their first data points occur simultaneously at ait-arb
nificantly spread out in frequency. The subsequent decreasgry time. Note that as a result the abscissa in Figure 8anetic
in frequency scale at PKS and LCL indicates that the eigengeneral time intervals only, essentially measuring théugiom
frequencies become more closely spaced together as they dg-IAR signatures from the moment they become apparent in
crease in frequency into the early morning hours of MLT.  magnetic data (exhibit onset). The time axis does not indica
The average frequency spacing between IAR harmonics igpecific MLT or UT instances. In Figure 8, it can be seen that
at all times the lowest at HRP and UZR. In comparing theseJZR station exhibits the lowest average frequency spacing a
two stations at each MLT in Figure 7, it is clear that on aver-harmonics evolve. Compared to the other stations in Figure 8
age the discrete IAR harmonics are closer together at HRP thajZR also demonstrates the lowest increase in frequence scal
they are at UZR. Consider now another plot of the average hafrom onset time until its IAR signatures disappear, as well a
monic frequency spacing at each station, shown in Figune 8. Ithe most linear increase in frequency scale during this time

(©2006 ICS-8 Canada
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period. UZR is the lowest L-shell station, with an L-value of observed IAR characteristics can be used as a real-time mon-
2.30, and it may be possible that Figure 8 is revealing the Litor of the structure of the topside ionosphere.

shell effect that was more qualitatively observed in Sec?i@.
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4. Summary

A preliminary investigation of ground magnetic signatures 4-
of the ionospheric Alfvén resonator has been conducted on
September 25, 2005, across a network of five search coil mag-
netometer sites. This preliminary study has allowed us to ex
plore and evaluate methods that can be used to quantify IAR
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ined that a visual on-screen determination of eigenfregiesn
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The IAR eigenfrequencies emerge from the background noise
between 16 and 18 MLT, in the late afternoon/early evening
hours, and initially increase in frequency, with harmoriies
coming spaced further apart, over time. At some sites, the ha
monic frequencies are observed to plateau and then
subsequently decrease in frequency between midnight and 09
MLT. There is also evidence for an L-shell effect when the av-
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