Direct EUV/X-ray modulation of the ionosphere during the
BOSTON August-21, 2017 total solar eclipse
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A total solar eclipse traversed the continental United States on August 21, 2017, entering In .19- A~ O ~ 17:54:00UT | B (|) (| |)
] _ ] _ - . \ o ' - - ; : o. - - :
Oregon ~17:15 UT and exiting South Carolina at ~18:50 UT. The eclipse offered a fortuitous 50'N NP /', bt 5 et R P \\ - DMSP F16: 19:09:18 UT -- 19:26:34 UT; Occultation mask: 11 min lag -
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opportunity to study 1onospheric response by virtue of myriad ground based Instrumentation.
In particular, we focused the investigation on highly transient phenomena, associated with the
supersonic pass of the penumbra. We utilized a dense GPS receiver network in the continental
U.S., and topside measurements of two DMSP spacecraft.

The eclipse leftover an unexpected and unpredicted imprint in the ionosphere. First, we show
evidence for a rapid response in the ionization due to a non-uniform EUV/X-ray illumination.
A data fusion approach of calculated EUV occultation mask and the differential TEC maps
reveal four large scale TEC perturbations, strikingly similar and matched with regions of
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irregular illumination. Second, the DMSP spacecraft measured sporadic depletion in electron OMSP F17- 20:17:02“__“f(f;ﬂg[i‘;%]omﬁmmask: 11 min lag
temperature, exceeding 1000 K. Likewise, we show a great spatial correlation between the () e P
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@gions of irregular illumination and the sporadic drops in the electron temperature profile. -
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Figure 5: DMSP measurements of the electron temperature profile through the penumbra. Panels (1) show the electron
i ; | QNS temperature and its relation to the occultation mask in magnetic latitude coordinates. Panels (11) show the spatial
‘ iy A | assoclation between the cooling region and the irregular penumbra.
b y » | Fic, = « Keograms of the TEC perturbations in Figure 4 bolster the spatiotemporal correlation
| ‘@) R ' ) - between uneven EUV illumination function and the TEC perturbations. The keograms
o | NES e show a persistent pattern, following the exact line of the irregular occultation mask. The
130°W 110°W 90°W T0°W  130°W 110°W 90°W 70°W 0 temporal/latitudinal speed dependence Is presented in the natural frame of reference.
Figure 4: Imaged TEC perturbation on a regular(;:;c(i)g ggrogn]x 0.3°lat) at 300 km altitude. The overlay is a contour * Furthermore, the Irregular penumbra severely perturbed the topside ionosphere. Namely,
08/21/17 - 17:48 08/21/17 - 18:19 08/21/17 - 19:09 olot of the Laplacian of the obscuration mask at 19.3 nm EUV. In S|tu_ mgasgred electron temperature (Te) by_ two |r_1depen(_jent DMSP sp_acecraf_t passes
 The sun had two discrete active regions sho_w mtn_gumg anq totally unexpect_ed_sporadlc c;ooh_ng regions. The cooling regions and
N i ™ during the time of the eclipse, shown in the their relationship W|_th the penumbra is |Ilus_trated In Figure 5. |
a) Figure 1. The sunspots caused four distinct * Panels _(I) of_ the Fl_gure 5_ show the Te time series measurements as a function of t_he
If 7 deviations in the eclipse occultation mask, magnet_lc Iatl_tude_, In conjunctlons_ with _the valqes of the OCC_U|’[EfI'[IOn _mask and Its
_ | or & as illustrated in Figure 2a. Laplauap. Itis ewde_nt tha_lt th_e cooling regions spgtlotempor_ally_/ comc@e with the steepest
§ . £ * The deviations in the occultation mask changes in the EUV |IIum|n_at|on. However, t_here IS a ~10_m|n time lag in-between.
B " manifested themselves as double ring * Further, panels (I1) of the Figure 5 show spatial r_elatlonshlp betweep the penumbra and the
=i 3 pattern in the 2D projection, depicted in DMSP meagureme_nts mapped on t_he geo_graphlcal map. The spatla}l agreemen_t between
| Figure 2b. The double ring pattern represent the double ring regions a_nd the cooling regions Is s_trll_<|ng, and shockingly conspicuous.
| _ _ _ | the solar surface projection on the . T_he observatlo_ns are entlrel_y unexpected, a_md |ntr_|guw_1g by the fact they are the first of its
Figure 1: Solar Dynamics Observatory (SDO) observations of the solar disk at EUV - 19.3 nm wavelength. The 5 , ionosphere, obtained by virtue of the Kklnd. The physical explanation for the cooling regions is yet unknown. /
transition of the moon was calculated to mimic a ground based observation from Luck, Wyoming. Six consecutive ' e Laplacian filt fth ltati K
snapshots representing a transition of the moon across the sun, emphasizing the profound effect of the two sunspot ap _aCIan_ Hier ot the occuliation mas: "
at the time of the eclipse. * \We identify and enumerate four deviations -
(@) . ey e (1) YRR s s e a— in the occultation mask, whose pattern ( : O n CI US I O nS
\ / i W = resembles again in the differential TEC
08- \ A i =E .= (ATEC) maps, shown in Figure 3 - - - - L -
\ | T | Z "9 - ] 2 £ o h. -  Solar active regions are the source of statistically most significant transient ionospheric
3 \ [ [/ - 0.025 — T~ e - - - - . .
i @ |\ D i > _|gureh consists o S|x_snapsTcI;tcs: 0 'IEhe perturbations via direct modulation of the plasma production function.
g n{ g A e |onoi¢,p ETIC Tesponse 1n hA e €1 |+ The large scale TEC perturbations match the regions of steepest deviation in occultation
g os 4 I/ 30 T s over C‘?y'”g g:ontcllgrs 1S 2; € Thap "’EIC_:I'E""Q function, namely the Laplacian of the EUV occultation mask. Namely the ionosphere act
23 ~ Intro Ece_ N ] |%ureL o c as a sensor, being a projection of the solar surface. The spatial appearance, the intensity of
. 3) o perturbations an tl ¢ Lapfacian Laff n 4 the perturbations is proportional to the value of the EUV occultation mask Laplacian.
Xray/EUV Uniform Dis N | e P - - - - -
| s o - e (@) Seoaram oF e opseureon sk e 1 great spatiotemporal agreement. LIKeWISe, | |, Tpe steep changes in EUV illumination also affected the electron temperature, causing
% 50 100 150 260 — - e aplacian in Its frame ot rererence. fhe naucial fines the amplitudes of the TEC perturbations bruot cooli - £ vet unk hysical hani
Minutes since 2017-08-21T16:00:00 are lines of maximum Laplacian. (b) Totality-aligned ol | £ the Laolacian. Namel abrupt cooling regions or yet unknown pnysical mechanism.
Figure 2: () Ground based occultation factors, at visible wavelengths, modeled uniform disk at EUV, and an actual ATEC keogram, averaged along 1.5° glat (dashed line ollow va ueg_o € dapl a(_:lan.f imely, WE | |+« The novel observations are a catalyst for further examination of undelaying physical
occultat!on factors from Lusk, Wyomlr_\g. (b) PrOJef:tlon of_EUV—l9.3_nm occultatlo_n mask: red contoqr lines are in panel (a)) are seelpg a |rec_:t modaulation ot the plasma DroCesses, highlighting a gap in understanding of transient solar-terrestrial interaction.
occultation factor, colormap are deviations from uniform disk model, i.e. the Laplacian of the obscuration mask. / K productlon function. K /
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