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Abstract. Comparisons are made between x-ray (>2 keV) emissions emanating from the Earth’s Northern Hemisphere aurora observed on the Polar satellite and Auroral Kilometric Radiation (AKR) plasma wave intensities detected on the Geotail satellite. For this comparison, the plasma wave frequencies were divided into a low frequency (LF-AKR) (30-100 kHz) band and a high frequency (HF-AKR) (100-800 kHz) band. For the LF-AKR band, the correlation coefficients with auroral x-ray emissions are generally high and significantly larger than the corresponding coefficients between x-ray and HF-AKR variations.  It is found that short time-scale variations of the LF-AKR activity often correspond to the temporal fine structure of the intensity of x-ray auroral emissions. HF-AKR intensity enhancements generally precede enhancements of the x-ray emissions, while the LF-AKR intensity enhancements generally lag the x-ray enhancements.  This sequence implies that auroral acceleration begins at lower altitudes and then moves to higher altitudes. In addition, the time profiles of the x-ray intensities often display slower recovery times than do the LF-AKR.  

Introduction

   Auroral Kilometric Radiation (AKR) is a wave phenomenon in the few 10’s of  kHz to many hundred’s of kHz frequency range associated with energetic electrons precipitating on auroral field lines.  Since Gurnett [1974] first reported the observation of AKR, this phenomenon has been investigated by many researchers including Imhof et al. [2003] and references therein.  The primary generation mechanism presently considered for AKR, the electron cyclotron maser instability [Wu and Lee, 1979], requires a small plasma frequency to cyclotron frequency ratio.  AKR is generated near the local electron cyclotron frequency Fce such that high frequency AKR is generated at a lower altitude than the low frequency AKR.  High time and frequency resolution measurements by the FAST satellite have confirmed that the AKR source is in a density depleted cavity and the AKR emissions are very close to and sometimes slightly below the cold plasma Fce down to the relativistic Fce [Ergun et al., 1998].  The frequency of AKR thus identifies the location along a magnetic field line where it is generated.  For example, on a 71 degree invariant latitude (L=9.4) field line typical for an AKR source region, Fce equals 500 kHz at a geocentric radial distance of 1.47 Re, 400 kHz at 1.58 Re, 300 kHz at 1.74 Re, 200 kHz at 1.98 Re, 100 kHz at 2.47 Re, 50 kHz at 3.09 Re, 30 kHz at 3.60 Re, and 15 kHz at 4.52 Re.  Subtracting 1 Re yields the altitude.  

   Hashimoto et al. [1998] compared AKR simultaneously observed by the Geotail Plasma Wave Instrument (PWI) [Matsumoto et al., 1994] and WIND WAVES [Bougeret et al. 1995] and found using ray tracing that most observations were explained by an AKR source around 21-22 MLT (Magnetic Local Time), but during substorms the source extended around to 19 MLT.  A Kasaba et al. [1997] study of a 38-month data set of Geotail plasma wave observations of AKR from 100 kHz to 600 kHz found that the illumination region of AKR extends duskward as geomagnetic conditions become more disturbed especially for the low frequency range which suggests a duskward extension of the AKR source.  Kasaba et al. [1997] speculated that the lack of such a feature in the high frequency range could be caused by insufficient density depression in the duskside auroral plasma cavity especially at lower altitudes.  In the duskside plasmasphere, the electron density is enhanced so that the density in the auroral plasma cavity should be hard to decrease enough to satisfy the condition for the electron cyclotron maser instability.  Therefore, generation of high-frequency AKR at lower altitudes is expected to be blocked on the duskside hemisphere.

   Kasaba et al. [1997] found that at both 200 kHz and 500 kHz the frequency of occurrence of AKR was positively correlated with the Kp index and that this was more evident for the 200 kHz data.  The latter agreed with an earlier finding of Kaiser and Alexander [1977a] that the frequency of the peak flux of AKR was inversely correlated with the AE index.  These results indicate that the AKR source region moves up in altitude under disturbed geomagnetic conditions.  

   Kasaba et al. [1997] also found that the illumination region increased in size during active times with an equatorward extension common at both frequencies which is believed to be due to the equatorward shift of the auroral plasma cavity in the disturbed phase expected from the inward motion of the plasmapause just after the onset of substorms.  For the duskside region and at higher magnetic latitudes, the illumination pattern became larger for 200 kHz than for 500 kHz as the geomagnetic activity increased.  This was believed to be due to the influence of the evening plasmaspheric bulge on the AKR propagation especially at the lower altitudes. 

   An important new result from Kasaba et al. [1997] was that AKR is more active on the winter hemisphere especially for the high frequency range.  Possible reasons include asymmetry of the population of precipitating electrons on the auroral field lines and insufficient density depression in the auroral plasma cavity on the summer hemisphere especially at lower altitudes which are most sensitive to ionospheric outflow.  Frequently the upper frequency limit increases indicating that the source region is then also expanding to lower altitudes.  The changing upper and lower frequency limits observed during substorms can be used to study the dynamics of the plasma in the AKR source region.  

    Several studies using the Polar and/or Geotail PWI measurements in comparison with data from the Polar imaging experiments have shown clear associations between electron precipitation and AKR.  Investigations have been made of the correlations between AKR and precipitating electron fluxes as measured by the bremsstrahlung x-rays produced when the electrons enter the atmosphere (Imhof et al., 2003 and references therein). The low-energy threshold for the measured x-rays was 2 keV. Plasma wave and bremsstrahlung x-ray data from the Polar PWI and PIXIE (Polar Ionospheric X-ray Imaging Experiment) [Imhof et al., 1995] experiments were used by Imhof et al. [1998] to find a 0.51 correlation coefficient over a six hour local time range in the pre-midnight sector for a satellite pass that had several short term enhancements in the intensities of both AKR waves from 60 kHz to 800 kHz and 2 to 12 keV x-ray emissions.  Other Polar PWI and PIXIE [Imhof et al., 1998; 1999; 2000] and Geotail PWI and PIXIE [Imhof et al., 2001] correlative studies found that the cross-correlation coefficient of auroral x-rays and AKR emissions was enhanced over an MLT interval of six hours or less and the maximum occurred for x-rays emitted slightly before local midnight. In another Geotail PWI and PIXIE correlative study of the dependence of AKR production on the intensity and energy spectra of  auroral bremsstrahlung x-rays, Imhof et al. [2003] found that the x-rays with higher e-folding energy were correlated with higher AKR frequency (implying lower altitude of generation).  This was interpreted as being due to  the increased energy of the primary electrons resulting from acceleration through an increasing potential difference at lower altitude.  Imhof et al. [2003] also found that higher x-ray fluxes were associated with lower AKR cutoff frequencies.  

   The low frequency (LF) portion of the radio spectrum has historically been defined to be in the range from 30 to 300 kHz.  Terrestrial low frequency (LF) bursts, typically from ~100 kHz down to ~10 kHz,  are a part of AKR often observed during geomagnetic storms and strong substorms [Steinberg et al., 1988, 1990, 1998; Kaiser et al., 1996; Desch et al., 1996; Anderson et al., 1997, 1998, 2001].  Frequently the LF bursts occur during a period of the lower cutoff frequency of AKR continually decreasing.  Alexander and Kaiser [1976] first reported that the AKR lower cutoff frequency tended to move to lower frequencies during geomagnetically disturbed periods.  The LF bursts have been found to be intimately related to the higher frequency portion of AKR and show considerable temporal structure very analogous to AKR. Researchers have suggested that the dependence of the LF bursts on solar wind parameters implies a coupling mechanism between the solar wind and the magnetosphere (Desch et al., 1996). 

   In this paper, we study the correlation between plasma waves recorded on the Geotail satellite with the PWI electric field sweep frequency analyzer (SFA)  and bremsstrahlung x-rays detected by PIXIE on the Polar satellite.  For this comparison, the plasma wave frequencies are divided into a low frequency (LF-AKR) (30-100 kHz) band and a high frequency (HF-AKR) (100-800 kHz) band.  This was done primarily because the PWI SFA Band 4 covers 12.5 kHz to 100 kHz, and the PWI SFA Band 5 covers 100 kHz to 800 kHz [Matsumoto et al., 1994].  The lower cutoff of 30 kHz for the LF-AKR was chosen to reduce the chance of including non-AKR emissions such as continuum radiation in the survey.   
   All of the x-ray data were taken in the Northern Hemisphere with the PIXIE instrument imaging the northern auroral oval. Each detected x-ray is tabulated in energy, direction, and time.  By accumulating data for a time interval the differential x-ray emission from each region in the field of view can be measured.  Thus PIXIE obtains the total x-ray emission over the northern auroral oval as well as the magnetic local time of the emission. The spatial resolution in the field of view varies with the altitude of Polar, but for most of the data used here was (500 km.  

   All of the analyzed data were acquired at times when Geotail was located within the magnetosphere to maximize the observation of AKR.  It is possible that there could be some effects due to the extent of magnetic conjugacy between the PIXIE measurements and the wave data from Geotail but this point is a very minor concern.  As described earlier, the generated plasma waves propagate within a broad conical region with apex at the source location in the auroral ionosphere.  The spacecraft (Polar and Geotail) do not need to be close to magnetic conjugacy.  However, two scenarios could be envisaged where some difficulties may arise.  The first is that the observed plasma waves are generated in the southern hemisphere auroral region, while the x-ray observations are from the northern auroral region.  This scenarios then raises the (as yet unresolved) question of how similar in general are the northern and southern (conjugate) aurora.  Addressing this question in detail falls outside the scope of this study.  The second scenario is if the generating region lies over the horizon as viewed by PIXIE.  While possible, the distance of Polar from the Earth while passing over the northern Polar region combined with the large field of view of PIXIE ensures that the entire northern auroral region is almost always in view.  Thus, it is very rare that the second scenario occurs.

Presentation of Data

Figures 1 and 2 show the distribution of correlation coefficients of x-rays versus the HF-AKR intensities, and x-rays versus the LF-AKR intensities, respectively. The correlation coefficients have been calculated for all 4-hour intervals between 1 January 1998 and 5 April 2001 for which simultaneous PWI SFA data and PIXIE x-ray observations were available, using samples averaged over 5-minute intervals, and which met the selection criteria described below. The Gaussian curve shown in each figure represents the distribution of correlation coefficients for a random sample of uncorrelated quantities at the observed average counting rate. The criteria used to select data for the histograms of correlated 4-hour intervals (Figures 1 and 2) are as follows: 1. There must be at least ten data points (out of a possible 48) within each 4-hour interval for a reasonable correlation coefficient. 2. There must be significant variation in the plasma wave observations (max(wave intensity)/min(wave intensity) (1.6) within each 4-hour interval (this restriction is imposed to avoid any intervals for which variations are only due to statistical noise). 3. If either the HF-AKR or LF-AKR band fails one of the above tests, then both are excluded from their respective histograms. This criterion ensures that there are an equal number of samples in each histogram. 4.  Geotail must be inside the magnetosphere to ensure that AKR can easily propagate to the satellite. 

The data shown in Figures 1 and 2 indicate a better correlation between x-rays and LF-AKR bursts than between x-rays and HF-AKR bursts as indicated by the fact that the LF-AKR wave intensities extend to a larger correlation coefficient with x-rays.  For the LF-AKR bursts, relatively more cases occurred at a high positive correlation coefficient with x-rays than at a corresponding negative correlation coefficient. For HF-AKR, the corresponding distribution was more symmetrical with regard to the sign of the correlation coefficient. This suggests that LF-AKR activity is statistically more closely associated with the precipitation of electrons into the atmosphere than is HF-AKR activity. At least some of the mechanisms responsible for generating LF-AKR and x-rays are sometimes bursty in nature with similar time profiles. Hence, correlation coefficients of the two quantities should be high if one phenomenon leads to the other of if they have a common cause.  It should be noted that in the data presented here, no cases were found in which only the LF-AKR or only the x-rays exhibit intensity variations. This finding suggests that a common mechanism is responsible for the generation of both LF-AKR and x-rays.
For all data acquired from 1 January 1998 until 5 April 2001 that met the selection criteria, the correlation coefficients between x-ray fluxes and wave intensities are plotted in Figure 3. The correlation coefficients display a gradual increase with increasing frequency from 30 kHz to 160 kHz and a pronounced decrease with increasing frequency above 160 kHz. Figure 3 indicates that the precipitation of electrons into the atmosphere is more closely associated with the generation of waves below 160 kHz than above 160 kHz. This behavior is consistent with the lower correlation of x-rays with HF-AKR in comparison to LF-AKR.  Green et al. [1977] and Green and Gallagher [1985] found using the IMP-6 and Hawkeye MCA data (with a 178 kHz upper frequency limit) that the AKR illumination pattern broadens with increasing frequency from 56.2 kHz to 178 kHz, Kasaba et al. [1997] found in a study of the angular distribution of AKR which used a 38-month data set of Geotail SFA plasma wave observations of AKR from 100 kHz to 600 kHz data that the AKR illumination pattern then becomes narrower above 300 kHz.  Such differences are basically explained by propagation.  
It is of interest to examine in greater detail some of the high-correlation cases used in computing the distributions of Figures 1 and 2, as these cases are less affected by spurious fluctuations. Twelve such cases were selected based on large variations in both x-ray and wave intensities and are listed in Table 1. For each of these 12 cases, the correlation coefficients between the x-ray intensity and the intensity in each of the two wave bands are listed in Table 1. Two of these cases included data described in a previous paper (Imhof et al., 2003).

In Figure 4, plots are made of the HF-AKR (100-800 kHz) intensity, the LF-AKR (30-100 kHz) intensity and the x-ray (>2 keV) intensity, for each of the twelve events.  Since the HF-AKR and LF-AKR bursts are significantly different,  we have also plotted the Geotail PWI SFA electric field frequency-time spectrogram in order to look at the dynamic wave spectra of the data over a broad frequency range to see if there are pronounced variations with frequency.  For each of the periods shown, the normalized x-ray and HF-AKR intensities are plotted together in the top panel, the frequency-time spectrogram and Geotail orbit parameters are plotted in the middle panel. while the normalized x-ray and LF-AKR intensities are plotted together in the bottom panel.  

In these selected cases x-ray intensity changes are accompanied by similar LF-AKR intensity changes and somewhat less often by HF-AKR intensity variations. For each time period shown in Figure 4 there are one or more episodes that have a sharp increase in the x-ray intensity, in the HF-AKR intensity,  in the LF-AKR intensity, and in the dynamic spectra. The HF-AKR increase generally precedes the x-ray increase and the LF-AKR increase lags the x-ray increase. This sequence indicates that during LF-AKR events the electron acceleration region, which is often correlated with the generation of waves, starts at low altitude and expands upward for some tens of minutes. After the peak of the enhancement, the intensity of x-rays is often found to decrease more slowly than the intensity of the 30-100 kHz waves.  The dynamic wavelength spectra in Figure 4 show also that the intensities display pronounced increases followed by decreases at various times.  The statistical accuracies of the dynamic spectra are insufficient to permit drawing any conclusions beyond those available from the HF-AKR and LF-AKR bursts alone.  

   Type III solar radio bursts extend in frequency from one to possibly higher multiples of the plasma frequency in the solar corona (many MHz) down to the local plasma frequency near Earth (typically 10 kHz or greater).  Their frequency range overlaps the frequency range of AKR and thus they might contaminate the AKR records from Geotail.  We have considered this possibility and believe the effect is minor because, as is shown in the middle panels of Figure 4, the intensity of Type III solar radio bursts is almost always significantly less than the intensity of  either the HF-AKR or LF-AKR.  
   For the rare occasions when the Type III solar radio bursts are comparable to the AKR, triggering of the AKR by the solar radio bursts is a plausible explanation.  Calvert [1981] found from the ISEE 1 PWI data that incoming Type III solar radio bursts were sometimes responsible for stimulating AKR.  He estimated that intense Type III solar radio bursts were capable of stimulating AKR about one third of the time and that at least ten percent of observed AKR onsets could be attributed to these and weaker bursts.  Farrell and Gurnett [1985], using ISEE 3 and IMP 8 PWI data, found a statistically significant correlation between incoming Type III solar radio bursts and AKR from the Earth.  Farrell et al., [1986] in a study of one year’s IMP 8 PWI data found that 8 to 16 percent of Type III solar radio bursts caused statistically significant AKR intensity increases and that infrequent large signal increases of 20 dB or more tended to characterize the triggered AKR, rather than many small increases.
Comparing the Geotail spectrograms in the present data set with Type III bursts observed with the WIND satellite shows that the Type III bursts, are typically 20 dB less than the AKR.  For example, in the second column of Figure 4e, the burst at 11:45 (most noticeable at 800 kHz) is equivalent with a strong Type III burst but is 20 dB lower in intensity than the AKR burst at 11:50.  Therefore it seems unlikely that Type III bursts contaminated the events reported here.

Discussion

The correlation coefficients for these 12 cases, which were selected on the basis of exhibiting noticeable variation in the x-ray and wave intensities, are extremely high. Furthermore, the correlations between x-rays and the LF-AKR are systematically higher than the correlations between x-rays and HF-AKR. Recognizing that LF-AKR bursts represent an upward (towards a lower magnetic field) extension of the auroral acceleration region, two possible explanations for the LF-AKR preferences are suggested. 1. Scattering the pitch angles of the electrons by a few degrees at high altitude should put more electrons deep into the atmospheric loss cone since the loss cone is smaller at high altitude. 2. If the auroral acceleration region is extended upward, the total electrostatic potential the electrons pass through is larger and the resultant x-rays are more likely to be above the 2 keV PIXIE threshold. 

In Figures 5a and 5b, the x-ray intensity (>2 keV) is plotted as a function of MLT (Magnetic Local Time) separately for each of the 12 events in Table 1 and for all of those events combined in Figure 5c. The x-ray patterns of these examples show a variety of local time dependences. For some of the events shown the x-ray fluxes peaked near local midnight, whereas for all events the combined (Figure 5c) median fluxes were slightly higher in the dawn sector. All of the data analyzed for this local time consideration were acquired at satellite positions near apogee over the North Pole such that there was no viewing bias based on local time.  There was no evidence that the MLT of x-ray emissions has any effects on the correlation coefficients between x-rays and AKR. 

This paper has addressed primarily the temporal structure of x-ray, LF-AKR, and HF-AKR enhancements. However, these enhancements often have spatial structure or local time dependence as is shown in Figure 6 for x-ray data taken on 25 February 2000. Furthermore, within a 2-hour period, major changes occurred in the electron precipitation pattern. The enhancements near local midnight changed in both the peak intensity and the shape of the flux profile versus MLT value. For the other events, similar profiles with enhancements often near local midnight were observed but were generally much less pronounced.

Summary

In this paper we have presented a number of simultaneous AKR events, and x-ray enhancements that illustrate their similarities and differences. Here the LF bursts are the low frequency portions of AKR (LF-AKR) bursts whereas the AKR bursts are the high frequency portion of AKR (HF–AKR) bursts.  As pointed out by Kaiser et al., (1996) the LF bursts are a special form of AKR and may be a totally new form of emission. Both the LF-AKR and x-ray enhancements sometimes exhibit brief bursts, and the shorter time scale variations of the LF bursts correlate very well with the temporal fine structure in the intensity of x-ray auroral emissions. On the basis of the correlation coefficients, LF-AKR are better associated with the precipitation of electrons into the atmosphere than are HF-AKR enhancements. On some satellite passes the x-ray fluxes peaked near or somewhat earlier than local midnight, whereas at other times the x-ray fluxes were higher in the dawn sector. The MLT of the x-ray emissions did not affect the correlation with AKR.  Where there is a sharp increase in the intensities, the HF-AKR increase generally precedes the x-ray increase and the LF-AKR increase lags the x-rays. Thus, auroral acceleration starts at low altitude and moves upward.
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Table 1. Twelve case events for which simultaneous x-ray and plasma wave intensity observations are present.


	Date
	UT interval
	Corr. coeff. for HF-AKR

    waves (100-800 kHz)

         versus x-rays
	Corr. coeff. for LF-AKR waves (30-100 kHz) 

versus x-rays

	January 10, 1999
	23.0-27.0
	0.80
	0.91

	January 15, 1999
	12.0-13.3
	0.79
	0.90

	January 21, 1999
	8.0-12.0
	0.93
	0.93

	January 29, 1999
	16.0-17.7
	0.75
	0.89

	February 11, 1999
	0.0-4.0
	0.83
	0.90

	March 4, 1999

	20.0-22.5
	0.71
	0.94

	March 27, 1999
	20.0-24.0
	0.88
	0.90

	June 29, 1999
	8.0-10.4
	0.76
	0.90

	August 26, 1999
	12.0-16.0
	0.77
	0.90

	February 25, 2000
	9.5-13.5
	0.32
	0.80

	March 14, 2000
	9.0-12.0
	0.56
	0.89

	June 27, 2000
	21.0-24.4
	0.58
	0.93


FIGURE CAPTIONS

Fig. 1. The distribution in the number of occurrences of the correlation coefficient of x-rays (>2 keV) versus the HF-AKR intensity plotted as a function of the correlation coefficient for the selected data acquired from 1 January 1998 until 5 April 2001.

Fig. 2. The distribution in the number of occurrences of the correlation coefficient of x-rays (>2 keV) versus the LF-AKR intensity plotted as a function of the correlation coefficient for the selected data acquired from 1 January 1998 until 5 April 2001.

Fig. 3. The average correlation coefficient between x-ray fluxes and wave intensities plotted as a function of plasma wave frequency for the selected cases.

Fig. 4.  For each of the twelve events listed in Table 1, the HF-AKR (100-800 kHz) intensities and the normalized x-ray (>2 keV) fluxes versus time are plotted together in the top panel of a column,  the Geotail PWI SFA electric field frequency-time spectrogram and the Geotail orbit parameters are plotted in the middle panel, and the LF-AKR (30-100 kHz)  intensities and normalized x-ray (>2 keV) fluxes versus time are plotted together in the bottom panel. 
For the dynamic Geotail SFA electric field frequency-time spectrograms, the upper portion (9 kHz to 12.5 kHz) of  Band 3 and all of Band 4 (12.5 kHz to 100 kHz) and Band 5 (100 kHz to 800 kHz) are shown.  The frequency scale within each band is linear.
(or)
For the dynamic Geotail SFA electric field frequency-time spectrograms,  the frequency scale linear from 0 kHz to 800 kHz

.
Fig. 5. The x-ray intensity (>2 keV) versus MLT for the events listed in Table 1.

Fig. 6. Time series of the x-ray intensity (>2 keV) versus MLT on 25 February 2000.





FIGURES

[image: image1.wmf]200

150

100

50

0

Number of cases

-1.0

-0.5

0.0

0.5

1.0

Correlation coefficient

X-rays versus Plasma Wave Intensity [100-800 kHz]

1998-2001

Negative 

correlations: 

182 cases

Positive 

correlations: 

607 cases


Fig. 1.

[image: image2.wmf]200

150

100

50

0

Number of cases

-1.0

-0.5

0.0

0.5

1.0

Correlation coefficient

X-rays versus Plasma Wave Intensity [30-100 kHz]

1998-2001

Negative 

correlations: 

144 cases

Positive 

correlations: 

645 cases


Fig. 2.

[image: image3.wmf]0.30

0.25

0.20

0.15

0.10

0.05

0.00

Correlation Coefficient (X-rays vs. Plasma Wave Intensity)

Plasma Wave Frequency [kHz]

100

600

30

1998/001 - 2001/095

(54066 5-minute samples)


Fig. 3

[image: image4.emf]1.0

0.8

0.6

0.4

0.2

0.0

12:00 12:15 12:30 12:45 13:00 13:15

Universal Time [hh:mm]

 Normalized Log(Plasma wave intensity) [100-800 kHz]

 Normalized Log(x-ray intensity)

January 15, 1999

Correlation Coefficient: 0.79

1.0

0.8

0.6

0.4

0.2

0.0

12:00 12:15 12:30 12:45 13:00 13:15

Universal Time [hh:mm]

 Normalized Log(Plasma wave intensity) [30 - 100 kHz]

 Normalized Log(x-ray intensity)

January 15, 1999

Correlation Coefficient: 0.90

1.0

0.8

0.6

0.4

0.2

0.0

23:00 00:00 01:00 02:00 03:00

Universal Time [hh:mm]

 Normalized Log(Plasma wave intensity) [30 - 100 kHz]

 Normalized Log(x-ray intensity)

January 10, 1999

Correlation Coefficient: 0.91

1.0

0.8

0.6

0.4

0.2

0.0

23:00 00:00 01:00 02:00 03:00

Universal Time [hh:mm]

 Normalized Log(Plasma wave intensity) [100-800 kHz]

 Normalized Log(x-ray intensity)

January 10, 1999

Correlation Coefficient: 0.80

Fig. 4a


[image: image5.emf]1.0

0.8

0.6

0.4

0.2

0.0

08:00 09:00 10:00 11:00 12:00

Universal Time [hh:mm]

 Normalized Log(Plasma wave intensity) [100-800 kHz]

 Normalized Log(x-ray intensity)

January 21, 1999

Correlation Coefficient: 0.93

1.0

0.8

0.6

0.4

0.2

0.0

08:00 09:00 10:00 11:00 12:00

Universal Time [hh:mm]

 Normalized Log(Plasma wave intensity) [30 - 100 kHz]

 Normalized Log(x-ray intensity)

January 21, 1999

Correlation Coefficient: 0.93

1.0

0.8

0.6

0.4

0.2

0.0

16:00 16:15 16:30 16:45 17:00 17:15 17:30 17:45

Universal Time [hh:mm]

 Normalized Log(Plasma wave intensity) [100-800 kHz]

 Normalized Log(x-ray intensity)

January 29, 1999

Correlation Coefficient: 0.75

1.0

0.8

0.6

0.4

0.2

0.0

16:00 16:15 16:30 16:45 17:00 17:15 17:30 17:45

Universal Time [hh:mm]

 Normalized Log(Plasma wave intensity) [30 - 100 kHz]

 Normalized Log(x-ray intensity)

January 29, 1999

Correlation Coefficient: 0.89

Fig. 4b
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