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operational space weather monitoring systems. Space weather “nowcasting” and forecasting models rely
on assimilation of near-real-time (NRT) space environment data to provide warnings for storm events
and deleterious effects on the global societal infrastructure. Typically, these models are initialized by a
climatological model to provide "most probable distributions" of environmental parameters as a function he Science Question he Space Tether Solution Example Technigue Proven
of time and space. The process of NRT data assimilation gently pulls the climate model closer toward the _ :
_observed state (e.g._, via Kalman smoothing) for nOV\_/ca_lsting, and forecasting is achieved through a set of What mephanlsms are - |TSS-1R Example: Space tethers can make Long k | = TCVM/IGRE Derved BlcticFek
iterative semi-empirical physics-based forward-prediction calculations. Many challenges are associated iInvolved In control of E||B? satelliteskin) ' ySuble Probe Raseline Electric field i i
with the development of an operational system, from the top-level architecture (e.g., the required space o Iy ‘ |
measurements via “Double

weather observatories to meet the spatial and temporal requirements of these models) down to the
iIndividual instruments capable of making the
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Region 2

Interplanetary Field-aligned

NRT measurements. This study focuses on the Magnetic Field . - Proven during TSS-1R
latter challenge: we present some examples of Region? Vector - Ambient Electric field (E_,,)
how tethered satellites (from 100s of m to 20 km) Reference deduced after removing tether

Electric Field (mV/m)

Lengths

are uniquely suited to address certain shortfalls in
our ability to measure critical environmental
parameters necessary to drive these space
weather models. Examples include long baseline
electric field measurements, magnetized

electromotive force
\ ,@;))/" - E,mp Parallel to tether length:
e« B uncertainty scales as ~ 1/L
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EXAMPLE 1
Auroral E||B

Lat (deg)

. . . | Pederson _ RT+Rpo+Rps+Ry+R; -
lonospheric conductivity measurements, and the PLASMA 0 = Vp R, 5 17:00
ability to separate temporal from spatial (b, + ) + (WF, — WE)). GMT (Day 218)
iregulanitiesiin envirenmental parameters, Direct Measurements of E||B il — S ’ Measurement to enable Science Closure: A polar
Tethered satellite functional requirements are in auroral acceleration region Engine Nozzles it 0 1 km tethered cubesat » - 'd
presented for two examples of space environment |G- e ST 2L T e LETete) UL Bd L ieriitle
observables. direct measurements of E||B to within 6 mV/m
Motivation
>~ The Near-Earth Space Environment - N The Science Question The Space Tether Solution Example Technigue Proven

varies over spatial and temporal scale
Sizes covering many orders of
magnitude

> Cross-scale coupling between physics
processes often plays an important role
In the Instigation, evolution, and
extinction of each other

> Plasma waves and instabilities imply
spatiotemporal complexity, which
presents a challenge to separate
temporal evolution from spatial
propagation and deformation
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- : - ' Glat: -8.62°, Glong: -56.84 °, Mlat: 0.68 °, SLT: 20.29 hr
What mechanlsm_s are mvolved_ln - p ‘ Space tethers can make Decl: -13.7°, Dip: -1.43°, hmF2: 288.3+15km
cross-scale coupling of Equatorial e simultaneous multipoint

lonospheric plasma bubbles? measurements with a fixed

separation in distance

* Proven during TSS-1R

 Found asymmetries in density
gradients within a large plasma
bubble. Important for scintillation.
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Observations from AE-E RPA data (Basu et
al. [1980]) show similar behavior: sharp
horizontal gradients in density structures are
followed by more shallow ones as the sensor
leaves the bubble. Tethers allow separation
of spatial versus temporal effects.
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UT/LT 11:29:00/22:24 11:32:00/22:17 11:35:00/22:11 11:38:00/22:04 11:41:00/21:57
MLT 23.04 22.82 22.81 22.41 22.19
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Satellite

Geom. Lat. -21.54 -11.25 -0.92 9.42 19.75
Geo m Long. 238.28 234.18 230.34 226.55 222.60

Orbiter Charge Probe (VDC)
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Satellite RTFP Current (A)
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Orbiter

Delayed 2.5 s Measurement to enable

Science Closure: A low
00:04:40 00:05:05 00:05:30 altitude (<1000 km) tethered
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UT/LT 11:29:00/22:24 11:32:00/22:17 11:35:00/22:11 11:38:00/22:04 11:41:00/21:57
MLT 23.04 22.82 22.81 2241 22.19

Geom. Lat. -21.54 -11.25 -0.92 9.42 19.75

Geom. Long. 238.28 234.18 230.34 226.55 222.60

EXAMPLE 2
Plasma Bubbles

: 14.5 km E . .
: N _ . 2 GMT, Day 57
Unigue Capabilities of Space Tethers SyStemath MUItlpOlnt | { , E = magnetic eastward Satelllltte would pr(l)tVIde t
measurements of iy \ ;‘i’:gl‘;‘zzem”;n‘f total TSS-1R Orbiter data before and after a uniform time fr:renaus uar‘grenoeunism(; I;E?f:r]l arge
- Multipoint In Situ Measurements Basic Electrodynamic and Tether Physics plasma density - delay of 2.5_ SIS applle_d, thus aligning them Wlth most
_ TSS-1R tether and magnetic field geometry. of the prominent density structures at the satellite. and small plasma structures
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Enables CubeSat with miniature
plasma and/or field sensors

Enables launch tethered
CubeSat into low altitude orbit

Enables unique observations of space
environment (e.g., E||B, plasma turbulence)




