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Photoelectron Driven Upper-Hybrid Instability

Photoelectrons, 140-160 km

J\\ Lee et al. |
(1980)

= Bump-on-tail instability growth rate:

yocj dE],%
0

v=(wyn—n)/k

§..

/ |
= Collisional damping rate: E \/\ \ -
LL
Vv X —Vep § \ \
= Thermal Landau (and cyclotron) % \ V\J& \ F Solar
damping: g “ /\[\/\ \,\4// Zenith Angle
< | W A\ “
Wy (wyy — n)? o \ WA, m—;/ 52" SZA
)/Ld OC 3 eXp 2 2 108 \’\l\/\,\/\
k325 Kivin [

— 65° SZA

5
Photoeleotron Energy (eV)



8/11/21 | 4

l0g ()




8/11/21 _

Aspect Angle vs Latitude Dependence
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Plausibility of UH instability causing 150 km echoes

Theory explains: Theory does not explain:

= Dijurnal variation = Conversion of electron scale waves
to ion scale observations

= Shown to occur in PIC simulations

= [Lack of observations at ALTAIR

= Altitude gaps where wyy = nfl
= 130 km lower boundary

= [atitude dependence, need k; > kll = Seasonal dependence, FAI echoes, small

: scale structure
= Solar flare observations: growth

rate varies as y & nypoto



8/11/21 7

-.- 8 " ’ o f -
. : . HF 190 1y MR R, "R - e :
Regions of photoelectron driven instability e . =290
180 [ s O, = ' o b At 4
follow 150 km echo morphology: : - :
= Diurnal variation 2160 s
Ly 4 E150 25 jé
= Lower boundary due to collisional damping ¢ g
140 12
= Gaps in the echoes where wyy = nfl, "
= Perpendicular to B dependence 120 : , 1
100 ! J 0
6 8 10 12 14 16 18
Time (h)
References Acknowledgements
Longley, Oppenheim, Pedatella, and Dimant (2020). The photoelectron driven NASA Living With a Star Jack Eddy Postdoctoral Fellowship Program,
Upper-Hybrid instability as the cause of 150-km echoes. GRL. administered by UCAR’s CPAESS.
Oppenheim and Dimant (2016). Photoelectron-induced waves: A likely source of International Space Science Institute as part of the International Team “An
150 km radar echoes and enhanced electron modes. GRL. Exploration of the Valley Region in the Low Latitude lonosphere: Response to

Basu, Chang, and Jasperse (1982). Electrostatic plasma instabilities in the daytime Forcing from Below and Above and Relevance to Space Weather”.

lower ionosphere. GRL. WACCM-X simulations were performed on NCAR CISL’s Cheyenne. NCAR is

Jasperse, Basu, Retterer, Decker, and Chang (1995). High frequency electrostatic supported under the NSF Cooperative Agreement 1852977

plasma instabilities and turbulence layers in the lower ionosphere. AGU vol. 86. This research is supported by NSF grant AGS-1755350



