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ABSTRACT

The extensive use of Schott BG3 glass filters in auroral physics demands an accurate characterization of the filter per-
formance when observing actual auroral structures. We present observations from two identical Andor DU-888 imagers
operated side-by-side, one equipped with a BG3 glass filter and the other one unfiltered, observing the same auroral
structures. The BG3 glass filter decreased the overall signal levels, increasing the relative intensity variations of the fast
pulsating aurora by a few percent. This, however, also produced a slightly decreased signal-to-noise ratio, making it
more difficult to quantify the rapidly varying auroral structures. This comparison shows that BG3 glass filters can be
useful in reducing the overall signal levels which is important in dynamic, bright, substorm onset aurora, where
EMCCD imager saturation has been known to occur. Consequently their use does not significantly affect the observa-
tion of the dynamics within the aurora but it also does not enhance the ability to quantify the features of rapidly varying
auroral structures.
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1. Introduction

BG3 glass is often used in auroral imaging in order to
filter out the bright, yet slow emissions, enabling the
fainter prompt emissions to be imaged [1,2]. This has
long been believed to significantly enhance the ability to
image rapidly varying auroral structures. The two main
auroral emission lines that typically dominate the signal
detected by an unfiltered imager are 557.7 nm and 630.0
nm [3]. These result from electronic transitions of the
atomic oxygen from the 'S to the 'D state and from the
'D to the “P state [4] with fairly long radiative lifetimes
0f 0.74 s and 110 s, respectively [3]. These long lifetimes
are thought to result in spatio-temporal smearing of the
rapidly varying auroral structures, such that the observ-
able emissions do not correspond one-to-one with the elec-
tron precipitation structures causing them.

The Schott BG3 glass filter is a notch filter with a trans-
mission curve such that it removes both the 557.7 nm and
the 630.0 nm emissions, yet passes the prompt (micro-
second to nanosecond lifetimes) blue and near- infrared
emission lines of N, and N . Therefore BG3 glass fil-
ters are used with low-light-level imagers such that the
rapidly moving and time-varying auroral structures may
correspond one-to-one with the electron precipitation res-
ponsible for exciting them. BG3 glass has two main pass-
bands, one from ~250 nm to ~500 nm and another from
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~700 nm to ~1100 nm. The detailed transmission curve
of BG3 glass along with actual trans- mittance values for
specific wavelengths can be found in the BG3 glass tech-
nical description [5].

Although this imaging scheme fits together nicely in
theory, it has yet to be rigorously tested on auroral struc-
tures. This is partly due to the need for running two iden-
tical imagers simultaneously, side-by-side, observing the
same aurora. Additionally, there are many types of auro-
ral structures which can show rapid motion or temporal
variations and each is caused by different precipitating
electron spectra. This article presents the results of such a
side-by-side comparison of rapidly varying pulsating
auroral structures imaged both unfiltered and through a
BG3 glass filter.

2. Observations

The auroral event examined here was observed on 08
March 2009 from Poker Flat, Alaska. Two Andor Elec-
tron Multiplying CCD (EMCCD) imagers were used for
these observations. One imager is part of the AMISR
suite of instruments at Poker Flat and is operated by the
University of Alaska, Fairbanks, while the other was on
loan from Andor. Both imagers were the Andor DU-888
model which has a 1024 x 1024 chip, with internal
binning capabilities that allow tradeoffs between tempo-
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ral and spatial resolution. Each was equipped with a 50
mm Cannon £/0.95 lens to provide a narrow field of view
(15 deg. x 15 deg.). The two imagers were mounted
side-by-side on the same mount and were operated inde-
pendently. The data acquisition mode used resulted in
many individual series of 1000 images, each covering
approximately 30 seconds. The fields of view of the two
imagers were not exactly aligned, so a sub-array of ap-
proximately 200 x 200 pixels was extracted where the
data from each imager overlapped. A time series of 27
seconds was chosen where data were recorded with both
imagers simultaneously.

For these observations, the CCDs were cooled to —70
deg. C to reduce thermal noise and were set to 4 x 4
binning, resulting in a 256 x 256 pixel image at 33.58
frames per second. This configuration was chosen be-
cause it provides adequate temporal resolution (16 Hz)
for fast pulsating aurora while maintaining a reasonable
spatial resolution of 0.058 degrees per pixel or approxi-
mately 100 meters per pixel at 100 km altitude.

Figure 1 shows two example images, recorded simul-
taneously, with a relative timing error of less than 33 ms.
The left image was recorded with no filter, while the
right image was recorded using a BG3 filter. The dark
lines denote the location of the intensity cuts used to ma-
ke the keograms. The images are oriented with North
(Geomagnetic) at the top and East to the left. Assuming
100 km altitude for the aurora, the 15 deg. x 15 deg.
FOV of the imager corresponds to a spatial scale of ap-
proximately 25 by 25 km.

Figure 2 presents the keograms extracted from both
image sequences. The top row is from the imager with
the BG3 filter, where the North-South cut is on the left
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and the East-West cut is on the right. Similarly, the bot-
tom row is from the unfiltered imager. The distinct hori-
zontal stripes are artifacts caused by stars but their loca-
tion serves to verify that the cuts were taken at the same
physical location in both sets of images. These data cover
25 km and span a period of 27 seconds.

The small-scale, rapid pulsations are shown in Figure
3 which is a zoom in on the data presented in Figure 2.
Here the data cover 10 km and span only 6 seconds, cle-
arly showing the pulsating auroral structures with fre-
quencies of 3 to 5 Hz, time scales much faster than the
0.74 s radiative lifetime of the dominant 557.7 nm emis-
sion line.

In order to quantify the level of variation for each case,
Figure 4 shows the intensity profiles extracted from each
keogram in Figure 3. They are presented in the same
layout as Figures 2 and 3 and are the sum of five rows of
pixels in the center of each keogram, at 13 km in the N-S
direction and at 9 km in the E-W direction.

3. Discussion

The data presented above do not support a clear case in
favor of using BG3 glass to image fast pulsating aurora,
instead suggesting that it may be more difficult to iden-
tify the rapid pulsating structures in the images as seen in
Figure 1. Many other examples were examined from the
same night and the scale of the display was varied in ord-
er to maximize the appearance of the auroral features in
both the images. The images shown in Figure 1 are rep-
resentative of the results from this analysis.

Similarly, the keograms in Figures 2 and 3 are consis-
tent with the results of this analysis. These were chosen
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Figure 1. Simultaneous images from both imagers. Left: with BG3 glass filter. Right: without BG3 filter. The dark lines de-
note the locations of the intensity cuts used to make the keograms.
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Figure 2. Keograms constructed from the image data along both the N-S (left column) and E-W (right column) directions.
Top row: data filtered with BG3 glass; Bottom row: unfiltered imager data. These data were extracted at the same time and

spatial location in each data set.

because they clearly show the temporal development of
the rapidly varying (up to 5 Hz) auroral structures. Here
the structure is also more clearly visible in the unfiltered
images than it is with the BG3 glass filter. From these
data, the actual intensity levels can be quantified, al-
though they are only in detector counts as imaging in
broadband or white light cannot be calibrated to actual
brightness (Rayleigh) levels.

One assumption made in this analysis is that the two
imagers (same make and model) have a comparable re-
sponse. Even if the imagers had significant differences in
their gains, the main results of this study would not ch-
ange. For example, if one imager had a higher gain, then
it's intensity levels would need to be decreased to be
compared to the other imager. In this case the percentage
intensity difference would not change because all the
intensity levels would need to be shifted down, including
both the background level and the level of the pulsations.
The signal-to-noise ratio also would not change because
a higher gain would amplify both the signal and the noi-
se.

The intensity cuts presented in Figure 4 show that the
relative intensity variations are only a few percent larger
in the case with the BG3, although the relative noise lev-
els are also higher. For example the largest variation in
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the N-S data, occurring near 13 s, represents a 3.9% var-
iation in the case with the BG3 filter, while in the unfil-
tered case it represents a 3.4% variation. For the E-W ca-
se the difference is larger, for the large variation occur-
ring near 9 s, with a 7.1% variation in the case with the
BG3 filter and a 5.0% variation without the filter. The
high frequency (5 Hz) variations seen between 15 and 16
seconds in the N-S case are clearly seen in the unfiltered
image data, but become lost in the noise using the BG3
glass filter.

The total intensity level is a factor of 2.6 larger in the
unfiltered case, which actually has a larger signal to no-
ise ratio. This shows that BG3 filters reduce the overall
intensity without significantly altering the structures wit-
hin the aurora. This effect can be used to prevent sat-
uration of sensitive detectors such as electron multiplying
and intensified CCD imagers in situations of very intense
and dynamic aurora.

If the rapid auroral variations were masked by a
less-structured background of 557.7 nm and 630.0 nm
emissions, it would be expected that the BG3 filter would
produce significantly larger relative intensity variations
than an unfiltered imager. These data are inconsistent
with this idea because the BG3 filter produced larger
relative intensity variations by only a few percent. One
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Figure 3. Zoomed view of the data presented in Figure 2, spanning 6 seconds and covering 10 km.

possible explanation for this is that pulsating aurora is
believed to be caused by high energy electrons [6,7]
which deposit their energy at low altitudes where the
excited O 'S state will be either rapidly quenched colli-
sionally or emit a photon so that the 557.7 nm emissions
that are observed are essentially prompt, occurring si-
multaneous to the electron precipitation. However, recent
observations with the Reimei satellite [8] found pulsating
auroral structures to be associated with 8 to 12 keV pre-
cipitating electrons. These would deposit their energy
around 120 km altitude [9], where the collision frequency
is still low enough that an excited O 'S atom can stay in
the excited state for the radiative lifetime of 0.74 s.
Removing the two most dominant emission lines (557.7
nm and 630.0 nm) produced a significant reducetion in
total intensity although not as much as was expected.
However, the transmittance of BG3 glass at 557.7 nm is
finite. For 1 mm thickness it is listed as between 6 x 10~
and 2 x 107 and for 630.0 nm it is <I x 107 [5]. This
level of transmittance, coupled with the high quantum
efficiency CCDs in the 500 nm to 600 nm range could
result in significant signal levels from the 557.7 nm
emission line through a BG3 glass filter. However, this
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study used a 3 mm thick filter, and therefore no signifi-
cant signal could have made it though the filter.

4. Conclusion

There is no strong case for the original intent of using
BG3 filters to enhance the detectability of rapidly vary-
ing auroral structures. The results of this study show that
the BG3 glass filter was not effective at significantly
increasing the detection of rapidly pulsating (3 to 5 Hz)
auroral structures. The BG3 glass filter produced a few
percent increase in the relative intensity variations, 0.5%
in the N-S case and 2.1% in the E-W case. However the
reduced overall signal level with the BG3 filter produced
a lower signal-to-noise ratio. Aside from preventing satu-
ration, the net effect of using the BG3 glass filter was to
actually decrease the ability to quantify the rapidly vary-
ing pulsating auroral structures from the images.

BG3 filters can therefore be useful in reducing the to-
tal intensity of the aurora in order to prevent saturation of
sensitive detectors like electron-multiplying or intensi-
fied CCD imagers, during the brightest, most dynamic
aurora such as substorm onset and polar cap boundary
intensifications. The dynamics of the aurora do not ap-
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Figure 4. Intensity cuts taken through the center of each image in Figure 3. Each cut is a sum of 5 rows of pixels to reduce

noise.

pear to be significantly altered by the use of BG3 filters,
so their use is then a tradeoff between accurately detect-
ing the brightest aurora without saturating and accurately
measuring the intensity variations within the fainter aur-
oral structures.
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