Exospheric hydrogen density determined from Lyman-a irradiance
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Daily nH at 3 RE derived from GOES data and compared with TWINS measurements.

Nighttime dips are observed due to H
scattering in exosphere. Can H density be solar UV at the Lyman-a « Correct magnitude for the density values, about 600 cm-3 at 3 Rx.

: : wavelength is scattered _ . . . :
estimated from these dips? by exospheric H. « More variability -- due to averaging in other techniques?
* No solar cycle variability.

« Seasonal variabllity - artifact from small dips at solstices?

Cartoon shows how

Satellite ultraviolet image of the glow from H in the
earth's atmosphere and the auroral oval.
(Measurements from Dynamics Explorer-1 taken in 1981)

Rairden et al., 1986.

Hydrogen in the exosphere +10000 km £ oo Three days of Lyman-a iradiance Advantages of technique
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The exosphere is where atomic densities are so low £ scaitering are observed. Data s from g?”;'giu?:;sl r(glgfi:/ae“?onagrglzgzgtreermer;;se.asurements
that atomic collisions seldom occur. The exobase for REEEIEE cadence. Dips vary seasonally from 2-7% _High sig P J '
H is ~500 km with the largest dips at the equinoxes. DlS&dVantageS/Cha”enges

* Need a better way to fit background variability.
* Measurements only in one plane and only at night.

Atoms with upward velocities greater than the escape
velocity exit the atmosphere. Most exospheric H R coriERE Method to obtain n, from GOES

escapes Iin about a day, but heavier particles, such as T
He and O, usually return to earth.
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Space weather and n,
During a geomagnetic storm, when disturbances coming from the sun
via the solar wind perturb the earth's magnetosphere, there Is
enhanced interaction of the ring current and exospheric plasma. Often
during solar storms there Is also increased solar UV irradiance which
causes the upper atmosphere to warm and expand, resulting In
higher densities at higher altitudes and losses to the ring. We are
currently examining correlations between n,, during storm conditions
and enhanced ring currents.
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Assume a power law H density: |

ny(r)=pr*
where r Is In distance from the center of the earth.

The H escape flux is limited by the rate of
replenishment of H from the H,O in the lower
atmosphere and solar activity.
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Knowledge of the exospheric H density (n,)
distribution will improve understanding of the
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Solar irradiance loss due to scattering along the line of sight

Derived from wikipedia.org/wiki/Exosphere.

solar-upper atmospheric coupling and benefit B between GOES and the sun: e ——————
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whole atmosphere and satellite drag models. % lioss = g™ | p r ™ dx s meza, oos. o7
where g* Is the local scattering rate and oS \ Summary

X Is distance along the line of sight.
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Initial results are somewhat consistent with previous studies and we
are working to refine the technique. If successful, this technigue
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Existing techniques to derive n,

Fit I,,.. integral to find p and k values — A . . . Lo e
Models for e;‘gﬁ d ?hus defininp . for each da & A\ could provide a daily (or better) exospheric H density distribution
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Satellite location -- interpolate to 1 min from 3 min data. : : : : : :
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* models inconsistent with observations (e.g., MSIS at exobase)
* ny values of ~600 cm= at 3 R¢
» enhance n, (geotail) in anti-sunward direction

Ly [W/m?)/Cyy 1.21 .
1011 m—2 g-1 ) S
Here A%(l, is the transition probability between the H ground state and the lowest level excited state <ref from thesis
p. 20>, f, is the irradiance at the center of the Lyman-a line, |, is the full irradiance of the solar Lyman-a line (i.e.,
the baseline GOES measurement at each time), and C, = 1.988e-12 / A[nm] for wavelength A=121.6 nm is the unit
conversion factor from [photons/(cm? s)] to [W/m?].
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Scattering rate: g*[photons s™1] = A%§ -%fa = 3.47107* (
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