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Abstract. This study is a statistical analysis on energy dis- therefore an important issue in the study of the polar atmo-
tribution of precipitating electrons, based on CNA (cosmic sphere.
noise absorption) data obtained from the 256-element imag- Many studies have been conducted on the use of auroral
ing riometer in Poker Flat, Alaska (651081, 147.42 W), optical measurements for estimating the energy of precipi-
and optical data measured with an MSP (Meridian Scanningating electrons (e.g. Rees, 1963; Rees and Luckey, 1974;
Photometer) over 79 days during the winter periods fromLummerzheim et al., 1990). As the aurora is a luminous
1996 to 1998. On the assumption that energy distributiongphenomenon caused by electrons with energy lower than 10—
of precipitating electrons represent Maxwellian distributions, 20 keV in the E- and F-regions of the ionosphere, energy esti-
CNA is estimated based on the observation data of auromates using auroral emission are considered an effective way
ral 427.8-nm and 630.0-nm emissions, as well as the averef measuring precipitating electrons in this energy range.
age atmospheric model, and compared with the actual ob- Another phenomenon associated with electron precipita-
servation data. Although the observation data have a broatlon is CNA (cosmic noise absorption) (e.g. Holt and Omholt,
distribution, they show systematically larger CNA than the 1962; Ansari, 1964; Johansen, 1965). CNA is mainly asso-
model estimate. CNA determination using kappa or dou-ciated with increased electron density in the D-region of the
ble Maxwellian distributions, instead of Maxwellian distri- ionosphere, caused by high-energy components of precipitat-
butions, better explains the distribution of observed CNA ing electrons at several tens of keV. Therefore, comparing the
data. Kappa distributions represent a typical energy distribu-optical and CNA observation data is expected to provide an
tion of electrons in the plasma sheet of the magnetospheresnergy estimate of precipitating electrons covering a broader
the source region of precipitating electrons. Pure kappas arenergy range up to several tens of keV. Statistical analysis of
more likely during quiet times — and quiet times are more electron energy spectra using data from NOAA/TIROS polar
likely than active times. This result suggests that the energyrbiting satellites (Codrescu et al., 1997) indicates that pre-
distribution of precipitating electrons reflects the energy dis-cipitation in the energy range above 30 keV is common in
tribution of electrons in the plasma sheet. the auroral zone, and enhances the electron density in the al-
titude range of 75-90 km by more than a factor of 2. While
Codrescu et al. (1997) describe the high energy precipita-
tion with an additional Maxwellian distribution, Sharber et
al. (1998) suggest that based on UARS/PEM observations
during the November 1993 storm, a kappa distribution is
1 Introduction more appropriate. Likewise, Frahm et al. (1997) (also see
the comment by Callis, 2000, and the reply by Frahm et al.,
The high-energy precipitating electrons on the polar region2000) have found that a kappa distribution fits spectra over
during high geomagnetic activity play an important role for diffuse aurora. CNA observations are sensitive to these high
energetics and dynamics of ionospheric plasma, ionizationgnergy tails of the auroral electrons, and with the analysis of
and neutral dynamics. Estimating the energy of the flux isriometer data in this paper we support the importance of the
high energy precipitation.

Key words. lonosphere (auroral ionosphere; particle precip-
itation; polar ionosphere)
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Fig. 1. Auroral activity observed in Poker Flat, Alaska, at 11:12 to 13:00UT on 3 December 1@97TNA in the direction of the
geomagnetic zenith, measured by the imaging riomélgr427.8-nm brightness in the direction of the geomagnetic zenith, measured by
the MSP (Meridian Scanning Photometefg) 630.0-nm brightness in the direction of the geomagnetic zenith, measured by thédyISP.
Keogram of the 557.7-nm brightness, from the M@PThe geomagnetic field X (south-north) component at Poker Flat.

CNA is observed with a riometer (e.qg. Little and Leinbach, Studies) combining a 64-element antenna array and a Butler
1959) which has a low spatial resolution because of the usenatrix for phase synthesis (Butler and Lowe, 1961) for ob-
of a wide-beam antenna. Yet, in the polar region, electronserving CNA's spatial structure and its temporal variations.
precipitation often occurs in spatially localized areas. There- L .
fore, it is necessary to observe CNA with an appropriate spa- 1€ Communications Research Laboratory is conduct-
tial resolution. Detrick and Rosenberg (1990) developed ariNd @ joint middle and upper atmosphere research program

imaging riometer (IRIS, Imaging Riometer for lonospheric with the Geophysical Institute, University of Alaska Fair-
banks. As part of the activity, we have developed an imaging
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riometer using the IRIS technology with enhanced spatial o AR ARARRARA ARAARARR ARRARARR AR ]

resolution, featuring a 256-element antenna array, and in-

stalled it at Poker Flat, Alaska (geographic coordinates of gl ]

65.1F N, 147.42 W, geomagnetic coordinates of 65M, [ 1

100.7 W) to conduct observations starting in October 1995. /g i 1
This paper presents a comparative analysis of CNA mea- & o-er

surements obtained from this imaging riometer, and auroral i 1

spectroscopic emission data obtained from an MSP (Merid- g 0.4 .

ian Scanning Photometer) installed at the same location as © I ]

the riometer, so as to examine energy distribution of precip- 0ol

itating electrons up to several tens of keV. First, auroral op- i

tical measurements are used to estimate the energy flux and L

the characteristic energy of precipitating electrons in a con- O'OO‘

ventional method. The results are then combined with the
MSIS-90 atmospheric model (Hedin, 1991) and average at-
mospheric parameters to estimate CNA, which is then comig 5 geatter plot of all CNA measurements normalized with the
pared with actual CNA measurements. The results of thl%quare root of the total energy flu®o shown in Fig. 1 against the
statistical analysis, based on the 79-day data set, are used ¢faracteristic energ.. E. and Qg are obtained from the mea-
estimate the energy distribution of precipitating electrons upsurements of auroral 427.8-nm and 630.0-nm brightness. The solid
to several tens of keV. Section 2 describes the instrumentaline in this figure represents the theoretically estimated curve for
tion and data processing, while Sect. 3 explains the metho@NA// O againstt,, as calculated with a Maxwellian distribution

of estimating CNA based on auroral optical measurementsassumed as the energy distribution of precipitating electrons. In this

Section 4 details observation results. and Sect. 5 discussé&@se. the observed CNA values are generally distributed around the
the results. Section 6 is dedicated to a summary. predicted curve.

scans. The field-of-view of an instantaneous observation is
1° (Lummerzheim et al., 1990).

The imaging riometer installed at Poker Flat features a To monitor aurora activities generated at around Poker
256-element crossed-dipole antenna, arranged in thed@6 Flat, we referred to geomagnetic field measurements from
square array parallel to the geomagnetic latitude and lona fluxgate magnetometer, installed at Poker Flat by the Uni-
gitude. Combined with the Butler matrix, it conducts ob- Vversity of Alaska.

servations in 208 effective beam directions withir? 7@m As described above, CNA and auroral emission measure-
zenith (6 in two-way half-power width around the beam di- ments have different temporal and spatial resolutions. To en-
rection, 7 in beam interval). The observing frequency is at syre that the two sets of data can be compared under the same
38.2 MHz, with the observation range of 40800km atthe  conditions, we adjusted the temporal resolution of the data
altitude of 90 km, and horizontal spatial resolution of approx- gccording to the temporal resolution of the MSP data, the
imately 11 km around the zenith. The phase synthesis outpWpatial resolution according to that of the imaging riometer
from the Butler matrix to 256 directions is detected with 16 pegms.

receivers at every 1/16 s, so that two-dimensional image ob- .
servations can be conducted at the rate of each pattern per Generally, auroral emission and CNA are both gener-

second. (Detailed specifications are shown in Murayama e’?ted by energetic pgrticle; precipitat.ing along magnetic field
al., 1997). CNA is given in dB as logarithmic value of the ra- Ines, but_the s_topplng helghts are dl_fferent from each other.
tio of observed values and QDC (Quiet Day Curve), i.e. the_Observa_tlons n any off?ze_nlth direction can o_nly be related,
monthly average of the receivers’ output power. if the altitude of the emission and absorption is known. Be-

As for auroral optical data, this paper used the observacause we are measuring column-integrated quantities, we
. A X o . have no altitude information. Comparative analysis was
tions from the MSP (Meridian Scanning tilting filter Pho- P y

) i . . therefore conducted based on data close to the geomagnetic
E)xgtre[rz)l’a:\/hllzhtrt]?se |\le g:;/ etrr?:atycg;tfallﬁ\ll(:v;zag;?r?tglllz(lr&cl)t- zenith. For CNA, the output of four beams closest to the
ral emission through a filter of 0.3 to 0.4 nm bandwidth, as geomagnetic zenith was averaged to obtain the value for the

direction of geomagnetic zenith. The value for auroral emis-
well as the wavelength 0.5 to 1.0 nm offset from the cen- g g

. . sions was obtained through averaging the data over an angle
tral wavelength for observing the background continuum, are 9 ging 9

it tel d 4s al the i .OForresponding to the beam interval of the imaging riometer
afiernately scanned every 4s aong geomagnetic Merty o und the direction of the geomagnetic zenith. The extinc-
ian. The difference of the on-line and off-line brightness

. . . . . . tion and scattering of auroral intensity is adjusted with a fac-
is used to obtain the true intensity. This analysis used val-

165 aft ing th Its of t i tor for the clear sky condition in Poker Flat, as provided in
ues every 16, after averaging the results of two consecutive.,, 1: Lummerzheim et al. (1990).

2 Instrumentation and data processing
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3 Estimate of the energy of precipitating electrons and  per cubic centimeterin a 1 km column (e.g. Parthasarathy and
CNA using auroral spectroscopic emissions Berkey, 1965). In this paper, the values in Fig. 15 by Harg-
reaves and Devlin (1990) are used for the average effective
This section describes the conventional method of estimatrecombination coefficienty, /7, and the specific absorption,
ing precipitating electron energy using auroral spectroscopig; (i), in the auroral region. However, this specific absorp-
emissions, and estimating CNA based on the obtained energyjon is for an observation frequency of 30 MHz, and is there-
flux and characteristic energy. fore multiplied with the adjustment coefficient (30.0/38.2)

First, the energy of precipitating electrons using auro-gaccording to our observation frequency of 38.2 MHz.
ral spectroscopic emissions is estimated as follows. Based

on the differential-directional number flux for a downward
isotropic Maxwellian energy spectrum of precipitating elec- 4 QObservation
trons I(E),
00 E Of the available CNA measurements, we extracted data from
I(E) = sz Eexp(——), (1) 1996 to 1998, for which corresponding optical measurements
2n E¢ Ec from the MSP were available. The data was then narrowed
optical observation data are used to estimate parameters ilown to those for winter and non-overcast days, when optical
cluded in the distribution. Qg and E, are the total en- oObservation of aurora was possible, with CNA and auroral
ergy flux and the characteristic energy, respectively. Theemission of atleast 0.1dB and 0.1 kR. The final data set of 79
measurements of the}l\lN band 427.8-nm and the Ol line days was then put to comparative analysis. MSP observation
630.0-nm were used as optical measurements (e.g. Regkta were used to eliminate data for overcast days.
and Luckey, 1974; Lummerzheim et al., 199Q) is ob- Figure 1 shows the observation data obtained at 11:12 to
tained from the 427.8-nm intensity | [427.8] by the relation 13:00UT on 3 December 1997. Figure 1a, b and ¢ show
Qo(MW/m?)=I1[427.8]/0.250(kR), ancE, is estimated from the CNA, 427.8-nm and 630.0-nm intensity for the direc-
the ratio of the 630.0-nm intensity against the 427.8-nm in-tion of geomagnetic zenith, respectively. Figure 1d is the
tensity, as shown in Fig. 7 by Lummerzheim et al. (1990). keogram of 557.7-nm emission, while Fig. 1e indicates the X
The method of estimating CNA generated by precipitating (south-north) component of the geomagnetic field (baseline:
electrons is based on a theoretical model. First, the energ#2510nT). As shown in the keogram, the auroral arc ap-
distribution of precipitating electrons, obtained from the au- peared on the polar side at 11:25 UT, traveled across the geo-
roral brightness, and an appropriate atmospheric model argagnetic zenith toward the equator. The 630.0-nm intensity,
used to calculate the energy deposition rate of precipitatingt27.8-nm intensity and CNA peaked at 11:36 to 11:42 UT
electrons at each altitude. In this paper, MSIS-90 is usedand gradually decreased thereafter. During this period, the
as the atmospheric model, and the calculation is conductegeomagnetic field showed moderate activity up to 400 nT re-
according to the method given by Jackman et al. (1980). Di-duction.
viding the energy deposition rate by the average energy loss In Fig. 2, the measurements of 427.8-nm and 630.0-nm in-
of 35eV per ionizing collision (Valentine and Curran, 1958) tensity are used to obtain the total energy fl@xand charac-
will provide the ion pair production ratg as the function teristic energyE., and the observed CNA values are scatter
of altitude 2. Under the quasi-equilibrium condition, the plotted against.. CNA is proportional to the square root of
ratio of ¢ and the effective recombination coefficient; the ion pair production ratg from Egs. (2) and (3), whilg
provides the electron density,, as shown in the following is proportional to the total energy flux of precipitating elec-

equation (e.g. Collis et al., 1984), trons Qo. The ordinate is therefore normalized as CNA per
unit total energy flux, as obtained through dividing CNA with
N, (h) = | q(h) B the square root of)o. The solid line in the figure represents
¢ oerr(h) the estimated curve of CNA againkt, according to the the-

o ) ) o oretical calculation assuming that the energy distribution of
The electron density, is used in the following height inte-  precipitation electrons is represented by a Maxwellian distri-

gration to obtain CNA: bution. In this example, the scatter of CNA data is distributed
00 along the estimated curve. The agreement of predicted and
AdB) = /a (W)N, (h) dh, 3) obsgrved CNA on this day is, however, an exc_eption.
Figure 3 is a more typical example, showing the obser-
0 vations from 5:00 to 16:00UT on 10 February 1997, when
4.6 x 10-5 active auroras were observed frequently for an extended pe-
a(h) = 5 Ve (h). (4) riod of time. The data are shown in the same format as Fig. 1.

The baseline of the geomagnetic X (south-north) component
Here,A(dB), w andv,, (k) are the CNA, observation angular in Fig. 3e is 13210 nT. CNA and the 427.8-nm intensity be-
frequency, and electron-neutral collision frequency, respecgan to increase gradually at around 6:00 UT, and reached the
tively, while a(h) is a function called specific absorption, de- peak at 12:00 UT, when the geomagnetic field recorded the
fined as the amount of absorption (dB) by a single electronminimum of —1 300 nT. CNA maintained roughly the same
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Fig. 3. Observed results for 5:00 to 16:00 UT on 10 February 1997, when active auroras were observed frequently. The format of this figure
is the same as that of Fig. 1.

level thereafter, but the 427.8-nm intensity showed a declin-This indicates that the observed CNA values are significantly
ing trend. The 630.0-nm intensity, on the other hand, showedarger than theoretically predicted using a Maxwellian distri-
frequent short fluctuations until 12:30 UT, indicative of soft bution function.

electron precipitation, then the activities subsided thereafter. o )
In order to make a statistical comparison of the CNA mea-

Figure 4 is a scatter plot of CNA againgt, accordingto  surements and the theoretical Maxwellian predicted values, a
the observation results shown in Fig. 3. It is in the same for-scatter plot was generated for all of the selected 79 days. Fig-
mat as Fig. 2. Unlike the example of Fig. 2, this case showsure 5 shows the result of the comparison in the same format
the CNA derived points scattered over a wide area, signif-as Figs. 2 and 4. The solid line represents the theoretically
icantly above the theoretically estimated curve (solid line). estimated curve of CNA, as calculated on the assumption
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o RN ARRRARRR ARARRARR ARRARRRR ARRRRRA ] that the energy distribution of precipitating electrons repre-
3 . : 1 sents a Maxwellian distribution, and based on the MSIS-90
08k : ] (f10.7=72, A,=18) atmospheric model and average atmo-
[ spheric parameters. The broken lines and the solid lines la-
;0\ 3 beled M1, M2, M3, and M4 will be discussed in the follow-
= 06 ing section. There are no points around the origin of the co-
@
g i ordinates, because CNA under 0.1 dB and optical data under
> 04F 0.1 kR are eliminated for lack of reliability. This figure shows
5 L that most CNA measurements are widely distributed signif-
r icantly above the theoretical Maxwellian estimated curve.
0.2r The result confirms that the example of Fig. 4 is a represen-
[ tative case.
0.0 22
0 1 2 3 4 5 6

Ec (keV) 5 Discussion

Fig. 4. Scatter p.|0t. of all CNA measurements .Shc.)wn n Fig. 3 In order to identify the cause of the statistical difference be-
against characteristic enerdy.. The format of this figure is the di diction b d ical
same as that of Fig. 2. Unlike the case of Fig. 2, the observed CNAtWeen CNA measurements andits pre |Ct|0r1 ased on optica
is distributed significantly above the theoretically estimated curveObServations, we first evaluate the uncertainty of the MSIS-
(solid line). 90 atmospheric model, effective recombination coefficient,
specific absorption, and the relation between the brightness
ratio andE., used in calculating the estimated values. Fig-

1.0 ure 6 shows the results of this evaluation. The solid line in
Fig. 6a—d is the theoretically estimated curve based on the
0.8 average parameters, the same as the solid line in Fig. 5. Fig-
ure 6a refers to the uncertainty caused by the MSIS-90 atmo-
/g spheric model, which depends on the parameters of f10.7 and
= 00 A, index. These parameters varied between 66 to 121 and 0
S to 59, respectively, during the period of the 79-day data set.
X 0.4 The two broken lines in the panel illustrate the range of vari-
& ations for the theoretically estimated CNA curve, based on
05 these variations of the f10.7 and,Andex in the MSIS-90
' atmospheric model.
00 The next evaluation concerns the uncertainties in the ef-

fective recombination coefficient. Although the coefficient
will not change much in the E-region, a significant change
is theoretically predicted in the D-region due to factors such
Fig. 5. Scatter plot of CNA against characteristic enetgy for as Se:_isons, day/nlg_ht, lonization rate, e.tC. (e.g. Torkar and
all 79-day observations selected from the data set from 1996 tdiedrich, 1983; Velinov et al., 1984; Kirkwood and Os-
1998. The format of this figure is the same as that of Figs. 2 and€Pian, 1995). In our case, CNA data are limited to those
4. The solid line in the figure represents the theoretically estimated@ken on winter nights in the polar region. Collis et al. (1984)
curve with Maxwellian distribution assumed as the energy distri- compared the energetic electron data, measured by a geosta-
bution of precipitating electrons. Most observations show a widetionary satellite during auroral activities, and CNA measure-
distribution significantly above the predicted curve. The five bro- ments at the geomagnetically conjugate point, to obtain the
ken lines in the figure represent the theoretically estimated curveaverage altitude distribution of the effective recombination
from kappa distributionsdindex of 3, 4, 5, 7 and 10) for the en-  ¢qefficient at high latitude during auroral absorption events
ergy distribution of precipitating electrons. The solid lines with (Collis et al., 1984, Fig. 12b). The altitude distribution of
squares labeled ML, M2, M3, a_nd M4 show the CNA calculated the effective recombination coefficient (Fig. 15 in Hargreaves
from double Maxwellian distributions. The parameters for the dou- . . . . .

ble Maxwellians are 1 is the peak of the low energ¥ is the and '_39","”',1990)- which we u.sed n pred,lcmg CNA, re,fers
peak of the high energy Maxwellian) MIE1=2 keV, E,=20keV; (O this distribution. The _eff(_actlve r_ecpmbmanon coefﬁ_ment
M2: Ej=lkeV, E,=20keV: M3: E;=lkeV, E,=40keV: M4:  for our 79-day data set is likely distributed around this av-
E1=0.5keV, E;=40keV. The ratio of the energy flux between the €rage altitude profile. In order to evaluate how the uncer-
low and high energy Maxwellian was varied from 20 to 0.5 to give tainty of this coefficient affects the theoretically estimated
the plotted variation of the characteristic energy. CNA curve, we shifted the coefficient values by a factor
of 2 above and below the average values, to see how the
curve would change. The result is shown in the two broken
lines in Fig. 6b. The broken lines run above and below the

Ec (keV)
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Fig. 6. Variation range of the theoretically estimated curve (broken lines), when the uncertainty of various atmospheric parameters are taken
into consideration. The solid line in each figure represents the theoretically estimated curve using average atmospheric péaameters.
Variation range corresponding to the variation of the parameters f10.7 griddéx in the atmospheric model MSIS-90 during the period

of 79-day data setb) Variation range corresponding to the increase and decrease of the effective recombination coefficient by a factor of 2.
(c) Theoretically estimated curve when the electron temperature in the E-region of ionosphere rises’td gd0Ken line).(d) Variation

range corresponding to the increase and decrease by a factor of 2 of the conversion relation of the ratio of 427.8 nm and 630.0 nm brightnes:
into the characteristic enerdy,.

theoretically estimated average curve (solid line) by a factorin the E-region shown in Fig. 3 of Stauning (1984). The re-
of v/2. We then evaluate the uncertainty of the specific ab-sult shows that rising electron temperature in the E-region
sorptiona(h). As shown in the Eq. (4u(h) is proportional  has the effect of raising the theoretically estimated curve. Fi-
to the electron-neutral collision frequenagy,, which tends  nally, we evaluate the uncertainty of tlg calculation based

to increase as the electron temperature increases. Howevam Fig. 7 by Lummerzheim et al. (1990), used to obt&jn
since variations of electron temperature are small at the altifrom the brightness ratio of 1(630.0)/1(427.8). According to
tude below the D-regiony,, also has only minor variations this figure, the average curve, shown in the solid line, has
in this region (Aggarwal et al., 1979). Yet, in the polar re- a standard deviation of around a factor of 2. The two bro-
gion, geomagnetic activities can sometimes increase electroken lines in Fig. 6d indicate the range of the theoretically
temperature in the E-region excessively. In such an event, thestimated CNA curve, when this uncertainty is incorporated.
increase ofy,, in the E-region is expected to increase CNA. These curves (broken lines) also present the range of a factor
According to the comparison of incoherent scatter radar andf 2 above and below the average curve (solid line). When
riometer measurements by Stauning (1984), when the eleadhe effects of uncertainties in the above four parameters are
tron temperature at the altitude of 110 km increased unusueonsidered, the variation of the MSIS-90 atmospheric model,
ally and reached 200K, a CNA of ~0.6 dB was observed. shown in Fig. 6a, has an extremely small effect. The un-
The broken line in Fig. 6¢ is the theoretically estimated CNA certainty in the effective recombination coefficient, shown
curve, based on the,, altitude profile, using the altitude dis- in Fig. 6b, and in the relationship between the intensity ra-
tribution of electron temperature during its unusual increasetio and E., shown in Fig. 6d, both have the probability of
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shifting the theoretically estimated CNA curve above or be-shown in Eq. (5), the relation betweélh and Eg can be cal-
low the average curve. Therefore, it should not be consideredulated analytically:

as the cause of actual measurements distributed systemati-
cally above the average curve. Although an abnormal eng — . (7)
hancement in electron temperature in the E-region tends to K—2

shift the theoretically estimated curve upwards, as shown ifrhe proken lines in Fig. 5 are the theoretically estimated
Fig. 6¢, such events are not likely to occur so often as Ocyrves, based on kappa distributions witk adex of 3, 4,
move the distribution of CNA measurements above the av5 7 and 10. The constant is chosen with the condition
erage curve in a statistically significant level. Consequentlyinat the energy flux of the distribution is the same as that of
we can eliminate the uncertainty of these four parameters ag \axwellian distribution at characteristic energ§ly. The
the cause for the statistically significant difference betweensjig jines labeled M1, M2, M3, and M4 show the predicted
the CNA measurements and theoretically estimated values. cNA using double Maxwellian shaped spectra. These spec-
For the interpretation of auroral brightness ratios, down-ra are constructed from the sum of two Maxwellian distribu-
ward isotropic Maxwellian distributions are assumed as thejjons where lower energy Maxwellian has a peak energy at 2,
energy distribution of precipitating electrons. The systematicl, 1, and 0.5keV for M1, M2, M3, and M4, respectively, and
underestimation of the CNA indicates that more high energyine high energy Maxwellian has a peak energy of 20, 20, 40,
electrons are precipitating than contained in a Maxwelliangng 40 kev, respectively. These values were chosen to cover
spectrum. Since the source of precipitating electrons is in the large range of energies and relative importance of the high
plasma sheet region of the magnetotail, the shape of electrognergy tail. By varying the relative energy flux in these two
energy distribution in the plasma sheet should be reflecteqyaxwellians from a ratio of 20 to 0.5, the mean energy and

in the energy distribution of precipitating electrons. There s the characteristic energy is varied over the range shown
are many satellite observation data available for electron enp, the plot.

ergy distripution in the plasma sheet region (e.g. Vasyliunas, \wyhen these curves are compared against the scatter plot
1968; Christon et al., 1988, 1989, 1991). These observayistribution, most observation results fall in the range be-
tions show that the typical energy distributig £) of the  yyeen the theoretical predictions. Most points are within the
differential-directional electron number flux in this region is range of the kappa distributions wit¥3 to co (Maxwellian
approximated by a kappa distribution which can be approxi-gistripution) and the points above the kappa distributions can

oK

mated with the formula: be explained with additional high energy precipitation, as
E \*1 simulated by the double Maxwellians. From observations of
f(E)=AE (1 + K_Eo> (5)  electrons in the plasma sheet, shown in Fig. 7 by Christon et

_ ) al. (1989), thec index is typically in the range from 3 to 11,
Here, Eo represents the energy at the maximum in fi&) ~ with a most probable value between 5 and 6. The compar-
function. Integrating Eq. (5) over directional angles and en-json between this distribution and Fig. 5 indicates the same
ergy shows that the total energy fl@ is related to the fac-  |gwest values for the index. While plasma sheet electrons

tor A as follows: are statistically of non-Maxwellian distribution, the scatter
hEg,{Z plot in Fig. 5 shows a broader distribution encompassing
Qo = Am- (6) the area of Maxwellian distributions. This result may be at-

S tributable to thermalization of kappa distributed electrons in
In this distribution, the low-energy patt<«Eo) has &  the plasma sheet in the process of magnetospheric transport
Maxwellian form, whereas the high-energy taHl>>«Eo) oy field-aligned precipitation. The findings indicate that the
has a power-law form. The parameterin the formula  giscrepancy between CNA measurements and the theoretical
shows the gradient of the high energy power-law tail. Thepjaywellian distribution estimated values can be explained
kappa distribution becomes the Maxwellian distributiomas  yye||, if we assume that the energy distribution of precipitat-
reaches infinity (Vasyliunas, 1968). Therefore, instead of g electrons is not a simple Maxwellian distribution but has
Maxwellian distribution, a more general kappa distribution is 5y additional high energy component, represented either by

assumed as the energy distribution of precipitating electronsy second Maxwellian or by a kappa distribution which has
to calculate the theoretically estimated CNA curve. Othery pmaxwellian form in the low-energy part and a power-law
observations of high energy precipitating electrons suggesform in the high-energy tail.

a double Maxwellian distribution (Codrescu et al., 1997).

The additional high energy electrons have very little effect

on the conversion of the brightness ratio to characteristic en6  Summary

ergy, as a re-evaluation of this ratio with the auroral model

in Lummerzheim et al. (1990) shows. For the purpose ofWith the objective of estimating the energy distribution of
the auroral brightness ratio interpretation, Lummerzheim etprecipitating electrons in the polar region, we conducted
al. (1990) use the term “characteristic energy” as defined bya statistical comparison between the CNA measurements,
EC=% (E), i.e. half of the mean energy, rather than the peaktaken from the 256-element imaging riometer at Poker Flat,
energyEp. For the approximation to the kappa distribution Alaska, and auroral observation data, taken from the MSP
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(Meridian Scanning Photometer). Observations in the direc-Christon, S. P., Williams, D. J., Mitchell, D. G., Huang, C. Y., and
tion of geomagnetic zenith taken during 79 days in the winter Frank, L. A.: Spectral characteristics of plasma sheet ion and
periods of 1996 to 1998 were used for the analysis. electron populations during disturbed geomagnetic conditions, J.

According to the conventional method of using auroral c i‘eoPhySMR\e/S-lvzgﬁ‘ 1‘R22* 1|?9_|_1- Roble. R G.. and E 5
emissions to estimate the energy of precipitating electrons-°drescy, M. V., Fuller-Rowell, T. J., Roble, R. G., and Evans, D.
S.: Medium energy particle precipitation influences on the meso-

Maxwe."la.n d[strlbutlons were assumed as the electron en- sphere and lower thermosphere, J. Geophys. Res., 102, 19977—

ergy distribution to process the measurements of auroral 19987, 1997.

427.8-nm and 630.0-nm, to obtain the total energy flux andcojis, p. N., Hargreaves, J. K., and Korth, A.: Auroral radio ab-

characteristic energy. The results were combined with the sorption as an indicator of magnetospheric electrons and of con-

average atmospheric model to estimate CNA and compare it ditions in the disturbed auroral D-region, J. Atmos. Terr. Phys.,

against actual CNA measurements. The observed CNA had 46, 21-38, 1984.

greater values than the theoretical prediction in a statisticallyDetrick, D. L. and Rosenberg, T. J.: A phased-array radiowave im-

significant scale. ager for studies of cosmic noise absorption, Radio Sci., 25, 325—
To identify the cause, we evaluated the uncertainty in the 338, 1990. o .

CNA estimation caused by the MSIS-90 atmospheric model 2™ R- A., Winningham, J. D., Sharber, J. R., Link, R., Crowley,

) L . - . G., Gaines, E. E., Chenette, D. L., Anderson, B. J., and Potemra,
effective recombination coefficient, specific absorption, and i . P T
T. A.: The diffuse aurora: A significant source of ionization in

characteristic energy derivation model, as well as energy dis- . L iqdie atmosphere, J. Geophys. Res., 102, 28 203-28 214
tribution of precipitating electrons. The results showed that 1997 ' Y '

uncertainty of atmospheric parameters could be eliminated agrahm, R. A., Winningham, J. D., Sharber, J. R., Link, R., Crowley,
a major cause of the observed discrepancy. The distribution G., Gaines, E. E., Chenette, D. L., Anderson, B. J., and Potemra,
of actual measurements was better explained when CNA was T. A.: Reply, J. Geophys. Res., 105, 15685-15 687, 2000.
estimated from energy distribution of precipitating electronsHargreaves, J. K. and Devlin, T.: Morning sector electron precipita-
with double Maxwellian or kappa distributions. These rep- tion events observed by incoherent scatter radar, J. Atmos. Terr.
resent typical energy distributions of electrons in the plasma Phys., 52, 193-203, 1990. _

sheet region of the magnetosphere. This finding suggests théﬂed'_n’ A. E.: Extension of the MSIS thermosphere model into the
the energy distribution of precipitating electrons reflects the Middle and lower atmosphere, J. Geophys. Res., 96, 1159-1172,

shape of electron energy distribution in the plasma sheet 1991.
" Holt, O. and Omholt, A.: Auroral luminosity and absorption of cos-

) ) mic radio noise, J. Atmos. Terr. Phys., 24, 467-474, 1962.
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