Geocoronal Hydrogen Density Estimates Using Solar Absorption in the Exosphere

Student: Natalie Vezina, Purdue University

Mentors: Paul Loto’aniul?, Janet Machol!2, Martin Show3, Rodney Viereck #, and Rob Redmon?
lUniversity of Colorado CIRES, 2NOAA National Geophysical Data Center, 3University of Colorado LASP, “NOAA Space Weather Prediction Center

\

Introduction Results Conclusions
’

The geocorona is a hydrogen (H) cloud around Earth that extends from 1. SATELLITE LOCATION COMPARISON 1. SATELLITE LOCATION COMPARISON
about 500 km to >10,000 km in the exosphere and resonantly scatters

solar irradiance at 121.6 nm (Lyman-a). The extent and density
distribution of the geocorona varies with space weather and is important Total XYZ Error for 2011 Between Data Sets
Gfter comparing NASA's satel@

*The two location data sets are very similar and have an overall
discrepancy of ~45 km and a noise of ~+ 1 km. Three large error
spikes occurred throughout the year, with the z-coordinates
contributing the most to those error spikes. Overall, Rob Redmon’s
data is an accurate comparison to NASA's satellite location data and
can be used to provide real time satellite position data for space
weather purposes.

for observing short term variability of the terrestrial upper atmosphere.
However, the dynamics of the H density in this region are currently not
well-understood. Therefore, the purpose of this study is to use extreme
ultraviolet (EUV) measurements of solar irradiance from GOES satellites
to derive daily H density distributions of the terrestrial atmosphere using a
new absorption technique.
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locator data to Rob Redmon’s
location propagator data, the total
Xyz-coordinate discrepancy came
to approximately 45 km with a
noise of ~+ 1 km. Three large
error spikes occurred on August
2-6, October 17-19, and
Qecember 13-15 (Fig 7). / N R —— ’ s «* The absorption dips from the GOES EUYV irradiance data were able

Apr 01 et Oct0l to be properly extracted from an interpolated baseline value.
Figure 7 Absorption dips showed the most variability for an equinox period

and the least variability for a solstice period,
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2. EUV ABSORPTION

Figure 1 shows the GOES e o il
orbit relative to the Sun and

its corresponding Lyman-a [ el
measurements. When the
GOES satellite is on the

anti-solar side of the Earth,

the Lyman-a irradiance T 2. EUV ABSORPTION
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exhibits a multi-hour N A T ¥ 5 Lyman - a Irradiance vs. Local Time for 2011

Secrease duel r:o dabsorpuon ot f / \ “*Preliminary results for the integral method gives the best fit for n(r)
y GlEorselreinEl pAliteiof=t: e AP ameimzon e SR SIS EREIEEE e ~r2 for a regime of >3 RE, but still does not provide a good fit.
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3A. HYDROGEN DENSITY FIT : INTEGERAL METHOD:

Figure 7 shows the Lyman-a
irradiance for the year 2011. The
absorption dip, which was
extracted by using the methods
Methods described in Figures 4, 5, and 6,
can be seen clearly at local time
= 0 (midnight) Seasonal

Figure 1

3B. HYDROGEN DENSITY FIT : DIFFERENTIAL METHOD:
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‘*Preliminary results for the differential method were somewhat
consistent for the years of 2011 and 2012, and the calculated
density is reasonably accurate for 23R¢

Irradiance [W/m2]
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1. SATELLITE LOCATION

— — variability is observed. ‘
> An IDL program was created to read in \ / v T LocalTime (Hows) " » To conclude, the results that were obtained from this study are
satellite location data (in geocentric solar o : encouraging, but there are still many refinements that can be made.

ecliptic coordinates) for a specified year.
Two different data sets of spacecraft
locations were compared.

3A. HYDROGEN DENSITY FIT: INTEGERAL METHOD: ‘

- -0observed

. EUV ABSORPTION Figure 2 \
The 1-minute GOES EUV irradiance was read in from the NGDC website. / _ \
(Fig 3) Figure 9 shows the integral fit
A baseline value was created for the daytime irradiance. (Fig 4) for n(r) ~r= within a regime of

Night-time absorption dips were created by subtracting to the baseline in >3 Rg for the entire year of

order to eliminate solar variability. (Fig 5) t2)01: -f_tAlthOUQTh tf}{'ﬁ W?St the
est fit among the three integer

values that were tested, this
method does not provide a

Future Work
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Possible next steps include:
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**Determine source of phase shift between satellite location data.
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\good fit. / _
“Test b from second fit by numerical integration of n(r) = ar®

“*Try other improvements on integral fit, such as better smoothing.

Figure 3 Figure 4 Figure 5

3. HYDROGEN DENSITY FIT /F 0 a ) th\
The absorption techniqgue estimates a H density profile in the equatorial plane . /tgurel eof 150 f _Swf['h. ©
based on the dip in the Lyman-a irradiance [W/m?] measured by the GOES integral fit for n(r) ~r= within a

satellite as it traverses the anti-solar side of Earth. The total scattering loss regime of >3 Rg but for a

. . . time period of 8 days. The
| the | f sight th h the at h ;
along the line of sig rough the atmosphere is el i e be ssen (o

cover only a portion of the EUV

*»Estimate how close to the Earth can we get good estimates.

+ +observed
« fit
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*|Include measurements from other satellites.
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“*Try to fit data with a 2D model.
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(Bailey, 201_2) | | . absorption dips.
Following Bailey, a simple spherical power law for the H distribution, n(r)=ar®, \ / _
was assumed. The data was then fitted to determine constants a and b with —_— Refe re n Ces
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the Levenberg-Marquardt non-linear least squares algorithm. Figure 10

Part A — Integral Method: A Vot 3B. HYDROGEN DENSITY FIT: DIFFERENTIAL METHOD:
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solutions are: did not provide a reasonable -
fit, a differential method was E
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tested. Results showed that
the exponents were fairly
consistent for the years of
— = ] 2011 and 2012, and the
The regimes considered were: — calculated density agreed with :
* Any radius expected values of about -3
. Radius <3 Ry AF=F[1]=F[0] \forPZBRE (Fig 11) / ' @]‘
- Radius >3 R, AF=n(YIGOES ) Axicenter —n( ' i | |
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