ConDE / Calibration of Green Line Winds—Chromatic Aberration IZISEVS{%,‘. Page: 1

Calibration Issues for Wind Measurements Using the 558 nm
Oxygen Green Line

o This talk will discuss Fabry-Perot wind measurements using the 557.7nm “green
line” emission line from atomic oxygen.

o Reduction of Fabry-Perot sky fringes to winds typically requires images of a
calibration lamp — to define quantities like the center location of the fringe system
and the instrument function shape.
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Calibration Issues for Wind Measurements Using the 558 nm
Oxygen Green Line

o This talk will discuss Fabry-Perot wind measurements using the 557.7nm “green
line” emission line from atomic oxygen.

o Reduction of Fabry-Perot sky fringes to winds typically requires images of a
calibration lamp — to define quantities like the center location of the fringe system
and the instrument function shape.

o There are no really convenient calibration emissions close to 557.7nm; in practice
we must use emission lines somewhat removed in wavelength from it.

o The resulting raw calibration data are of course only applicable at the wavelength
of the calibration source used.

o The Airy function is sufficiently well behaved that it is in principle straightforward
to transform the calibration data mathematically, to derive corresponding
calibration data for 557.7nm.

o Unfortunately, however, real instruments exhibit chromatic aberration, so that
their actual behavior at 557.7nm may depart from that predicted by an ideal
transform from another wavelength.

o In this talk | will discuss how we address this issue for the scanning Doppler
imager at Poker Flat.
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High-Quality Fringe Imaging Lenses

o The first thing to do to
control chromatic
aberration is to use a
high quality lens to form
the fringe images.
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High-Quality Fringe Imaging Lenses

o The first thing to do to
control chromatic
aberration is to use a
high quality lens to form
the fringe images.

o The top figure is a Solid
Works model of the 300
mm f/2 Nikkor lens used
in the all-sky
Fabry-Perot currently at
Mawson, Antarctica.

300 mm f/2.8
Nikkor lens

("j

Etalon

o The bottom figure
shows the 300 f/2.8
Nikkor lens used in the
Poker Flat instrument.

Etalon controller )



ConDE / Calibration of Green Line Winds—Chromatic Aberration IEISEVS&%',‘. Page: 3

Chromatic Aberration from the Etalon Itself

Enteringmrays
areparallel

Platesmaremmanufacturedowith
asslightd'wedge”,tosuppress
multiplereflectionstbetween
topttbottomsurfaces

Raysmare not
paralleldntthe

etalonmap \
/]

Platetmaterial Relativerangular
exhibitsrefractive deviationdsantroduced
indexdispersion betweenttheoed
andgreendrays

Emergingorays
aremparallel

o Unfortunately, there is one source of chromatic aberration that cannot be
suppressed regardless of the lenses used.

o It arises in the etalon itself, because etalon plates are typically manufactured to be
slightly “wedge” shaped.
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o Unfortunately, there is one source of chromatic aberration that cannot be
suppressed regardless of the lenses used.

o It arises in the etalon itself, because etalon plates are typically manufactured to be
slightly “wedge” shaped.

o Rays emerging from the etalon must therefore pass through a (very) narrow-angle
prism, which introduces wavelength dispersion — effectively introducing a shift in
the fringe center between red and green wavelengths.



CoNDE / Calibration of Green Line Winds—SDI Instruments l;lggf{iilg Page: 4

Scanning Doppler Imager
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o In a conventional imaging FPS, correction for the etalon-induced chromatic
aberration would amount to finding the fringe center at 558 nm. This would
normally be determined using calibration fringes, but here of course it must be
done using sky fringes — or with an averaging procedure using a large number of
sky fringes.
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Scanning Doppler Imager
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o In a conventional imaging FPS, correction for the etalon-induced chromatic
aberration would amount to finding the fringe center at 558 nm. This would
normally be determined using calibration fringes, but here of course it must be
done using sky fringes — or with an averaging procedure using a large number of
sky fringes.

o But the SDI instruments do not retain fringe images. Phase and zone maps are
applied to fringe images in real time while the etalon scans, so that only 1D
spectra are recorded (individual fringe images are discarded.) Thus, an
alternative chromatic aberration correction scheme is needed.
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Effect of the Chromatic Shift

2010—Feb—23 % S % Poker Flat > The effect of the
12:09:50 Alaska . -
16 ? A % % t&m % 5577 chromatic shift is to

introduce an apparent
AA& A A AA& uniform background

? Aﬁi&&? ? wind.

o This is illustrated here.
The correct wind field in
this (cloudy sky) case
was essentially zero, as
shown by the yellow
arrows (which have been
corrected for the
chromatic shift.)

But the raw Doppler
shift map seen by the
instrument at this time
is shown by the blue-red
hues.

o The wind artifact is
obvious.
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Green-Line Winds from Clear Skies

Poker Flat Research Range: 24—Jan—2010, A=557.7 nm

150 E 3 denat;Ersvt‘gngg;g
- 100 < (acrosa all zanes
g — E g & zemar ond
S '»  S0F EE Shsarvation
o E = T 1Yt gy L .
£ ot " Mmm I AR AR E
c = Lt =
g& F Im M\H Il W HHMHHMH;;:HW E
=% _00F WH HW il 3
_ 150 ' * t t t t 3
§ . 100F =
h=2n] E E
e o» S0F =
2 E o AL E
= .E. .-hw}#‘w LH*HH ﬁf””r\i ””””””””””” =
g E T
§ § -50F- g T =
g7 -100f =
-150F . . ) . . ) 3
150 ) ) ) i ) ) 315
100 z_ _E 1.0
S0F Hos
of Fo.0
-50 ;— ; -0.5
-100E 3-10
—150F 3-15

04:00 06:00 08:00 10:00 12:00 14:00 16:00
Time [Hours UT]



CoNDE / Calibration of Green Line Winds— Cloudy-Sky Calibration lil?evf{i%',‘.

Page: 7

Magnetic Zonal

Magnetic Meridional

Wind [m s7"]

Wind [m s7"]

150
100

Green-Line Winds from Cloudy Skies

Poker Flat Research Range: 23—Feb—2010, A=557.7 nm
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Green-Line Winds from Cloudy Skies — Another Example

Poker Flat Research Range: 15—Mar—2010, A=557.7 nm
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Doppler Shift Correction Map
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Averaging uncorrected “Doppler shifts” over a large number of dense-cloud sky
observations produces the required velocity offset correction for each zone. The
characteristic signature seen here arises because the zones “spiral” out from the center
with increasing index number.

o
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Corrected Wind Field
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Corrected Wind Field
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Doppler sky map after
zero velocity correction,
along with the
2-dimensional horizontal
vector wind field that
was fitted to it.

The vector arrows are
consistent with the
Doppler shift map.

o Note that the “dipole

component” of the
Doppler shift map is
rotated almost 180°
from the wind offset
shown previously.
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o This is an example of a

Doppler sky map after
zero velocity correction,
along with the
2-dimensional horizontal
vector wind field that
was fitted to it.

o The vector arrows are

consistent with the
Doppler shift map.

Note that the “dipole
component” of the
Doppler shift map is
rotated almost 180°
from the wind offset
shown previously.

o The wind field exhibits

curvature not present in
the offset field; it must
be geophysical.
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Winds and Temperatures Near the Aurora
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Winds and Temperatures Near the Aurora
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— typically, these blow

0\
e westward in the evening,
’ even down in the
E-region.

o We do indeed see this.
(The green band is an
auroral arc.)
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Winds and Temperatures Near the Aurora

oo oA ASA R R o One validation
1.7 min % ? AL s ? Zﬁ 5577A technique is to look at
A m winds near auroral arcs
mmz&‘ — typically, these blow

i\

e westward in the evening,
’ even down in the
E-region.

o We do indeed see this.
(The green band is an
auroral arc.)

o Blue through red hues
show Doppler
temperature, which in
this case is a proxy for
the energy of the auroral
precipitation.
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Winds and Temperatures Near the Aurora
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One validation
technique is to look at
winds near auroral arcs
— typically, these blow
westward in the evening,
even down in the
E-region.

We do indeed see this.
(The green band is an
auroral arc.)

Blue through red hues
show Doppler
temperature, which in
this case is a proxy for
the energy of the auroral
precipitation.

The large green blob at
the “10 o’clock”
position is the moon.
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This figure shows F-region winds derived from the 630nm emission on 24-Jan-2010.
Note the westward flow before magnetic midnight.
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These are the E-region winds for the same night as the previous figure. Note the broad
(but not exact) similarity.
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Comparison with Winds Measured by Chemical Release

Poker Flat Research Range: 09—Feb—2010, A=557.7 nm
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The “gold standard” for thermospheric wind validation would be to compare with
in-situ measurements derived from chemical releases. Fortunately, we do have such
measurements, from the “Ampules” mission at 9 UT on Feb 9, 2010.
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Comparison with Winds Measured by Chemical Release
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Unfortunately, the in-situ winds vary with height a lot in the 110km to 130km height
range that the 558 nm emission might be coming from. But the two techniques are not
inconsistent, especially given their very different spatial sampling volumes.
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Conclusions

o Wind measurements using the 558 nm oxygen green-line are important — as we
heard this morning, knowledge of neutral winds in the E-region is “wide open”.
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However, there are few if any suitable emissions for instrumental characterization
at wavelengths near 558 nm.

We can transform calibrations taken at other wavelengths — but such transforms
may not capture effects due to instrumental chromatic aberration.

The technique adopted here is to “post correct” the wind data using the 558 nm
emission itself. In this case we use scattering under heavily overcast skies to
provide a spectrally uniform calibration across the entire field of view. It is in
practice quite easy to identify suitable observing periods that can be used for this
calibration.
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winds in the E-region should behave.
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Conclusions

Wind measurements using the 558 nm oxygen green-line are important — as we
heard this morning, knowledge of neutral winds in the E-region is “wide open”.

However, there are few if any suitable emissions for instrumental characterization
at wavelengths near 558 nm.

We can transform calibrations taken at other wavelengths — but such transforms
may not capture effects due to instrumental chromatic aberration.

The technique adopted here is to “post correct” the wind data using the 558 nm
emission itself. In this case we use scattering under heavily overcast skies to
provide a spectrally uniform calibration across the entire field of view. It is in
practice quite easy to identify suitable observing periods that can be used for this
calibration.

The resulting wind field fields make sense based on our current knowledge of
winds in the E-region should behave.

There is reasonable agreement with in-situ E-region wind measurements by
chemical release — although issues of the horizontal and vertical extent of the
Fabry-Perot sampling volume make one-to-one comparisons difficult.
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