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EZIE Studies the Electrical Currents in the Earth _
Fundamental to Energy Transfer within the Sun-Earth Syste

Field aligned
currents

\ Auroral
Field aligned ~ | |electroject |
currents coupled y

to magnetosphere

Parallel electric
fields, plasma
turbulence
Quiet midlatitude
currents driven
by solar heating

S>>

Equatorial
electrojet

Auroral oval

Solar radiation

//'/'/"

.'I. ..-,_
~.1..® 2024 CEDAR Workshop Sam Yee | 2



EZIE Focuses on A New Frontier of Near-Earth Magnetic Field e
Measurements to Study the Mesoscale Variations of Electrojets

EZIE is a 3-CubeSat mission flying

in a pearls-on-a-string configuration

that uses compact multi-beam

instruments and Zeeman sensing -

: : : A
technique to image the electrojets. 7]
These electrical currents flow at | yVd
altitudes of ~100—130 km and are
notoriously difficult to explore. EZIE
will study the ‘mesoscale” spatial
structure and its temporal evolution
of these electrojets, important for
our understanding of geospace
coupling and energy transfer
processes.

v
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EZIE Objectives are to Resolve Fifty Year-old Debates on .
the Structures of the High-Latitude Current System

TSQ 1:

EZIE will resolve the
decade old debate
about the substorm
current wedge (SCW)

configuration. Figure
hows three

published SCW

scenarios as wire

models superposed
onto auroral images
from the NASA Polar
VIS Earth Camera.

Hypothesis (a)

A

OR
Hypothesis (b)
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Hypothesis (c)
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15Q 2:

EZIE will determine to
what extend the
electrojet consist of
small current
wedgelets. Figure
shows (a) the classical
auroral electrojet
configuration and (b)
the recently much
promoted wedgelet
scenario.

Hypothesis (a)

b~ AN

OR
Hypothesis (b)
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EZIE Mission Objectives and Implementation Approach

Objective: To gain insight into decade old mysteries about the magnetosphere-lonosphere
coupling processes & uncover physics required for better prediction of space weather

Map the Meso-scale Spatial Fly 3 CubeSat on pearls-
Structure and Temporal o - on-a-string to study
Evolution of the Electrojet //,2,“‘,“1“/"’”" fﬁw Temporal evolution
~ © » ‘ 1
Utilize Zeeman Technique Use Differential Drag to
to Remotely Sense % Manage the Flight
Electrojet Magnetic Fields - e 4L Configuration
e e 2N
________________ )»
Use of A 4-view Spectro- Obtain Mesospheric
polarimeter to Image the Wind & Temperature
Electrojet Spatial Structure. Information
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EZIE Utilizes the Zeeman Technique to Remotely Sense
Electrojet Induced B

_ 400 — —
Ground based magnetometers sensing B “In situ” B Satellite  “Remote sensing” of B Satellite

at distances of ~100 km from electrojet

Spaceborne magnetometers sensing B at 300 |—
distances of ~300-700 km from electrojet

EZIE Technique: :E; Distance typically
Spectrometers sensing B at distances of ry s };ocket S00-700 km
~20-30 km from electrojet = ﬂ
< ‘
> Electrojet-induced B fields are stronger | I [HIRp)|Electrojet IR

» Smaller spatial scale fields can be
detected : o o

> B field structure can be imaged with multi-
beam observations from one s/c

*=@ " 2024 CEDAR Workshop Magnetometers on ground, distance ~100 km |




EZIE Measures the Effect of Magnetic Field on the Naturally i
Present O2 118 GHz Thermal Emlssmn Spectral Radiances
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Each EZIE downward-looking O,
118-GHz emission spectral
radiance measurement

* Covers the entire Zeeman
spectra and resolves the three
split lines

) - - Spectral spllt — Total

T -0.5 0 0.5 1 T WY 0 0.5 1 -magnetic field

Frequency (MHz) . Frequency (MHz) - Spectral shift — Line of sight
g ‘ wind

~ - Spectral Radiances — -

< - & Temperature profile -

| " Characterizes the full .
polarization state of the three .
Zeeman lines | |
- Polarization — Vector B-field
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Baseline EZIE Observation Plan: One DCE per Orbit and -
Alternating AEJ and EEJ Observations By Seasons G

Primary Science: Auroral Electrojet One Day of Auroral Electrojet Observations

: _ _ Science Augmentation Equatorial Electrojet
One 9-11 min Data Collection Event (DCE) Per Orbit

Near Circular Sun Sync SC'€NCe Data — Geodedic Space
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Primary EZIE Level-1 Data Product:
4 Tracks of O, Stokes Radiance Measurements Per DCE

(M)oe,lme.ledl.uelcs’seulqgug (31) @imesadwa] sseuybug
o o o o

280

o o o
«© s N o O © <
N N N N ~— ~— ~—

[ T

280

o
© = N o [ce) © <
N N N N ~— — —

I 0
Cross-Track Orientation

3
3

2

600

2

4 Stokes
every 2
seconds

per track

in one S e L
orbit epueneS) s wen3 Tepucoas) ot ons

§ (1) @ameaadwa] ssaulybug (M) @anmeaadwa ] ssaulybug
[=] (=] [=3 o (=]
. < & o o~ = © =] 3 o 8 ,‘2

I

1

0
Frequency (MHz)
T, Brightness Temperature (With Current), Beam 1

1

302 A
2 1 0
Frequency (MHz)

T, Brightness Temperature (With Current), Beam 1
3

o o

500
0

60

i

3
T, Brightness Temperature (With Current), Beam 1
0
Frequency (MHz)

3

2
2

1
1

-1
-1

T, Brightness Temperature (With Current), Beam 1
0
Frequency (MHz)

500

o o
(=3 o
S N
(spuooeg) awl| usaajg

(=3

o

A
(s

puODag) Bwi] JuUSAg

@® 2024 CEDAR Workshop




Primary EZIE Level-2 Data Products:
4 Tracks of B measurements per DCE per S/C

Cross-Track Orientation , _
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Primary EZIE Level-3 Data Product:
One 2D Equivalent Current Map Per Orbit Per S/C
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EZIE Development Status and Readiness to Launch

3 N je

MEM instrument cold calibration test

- & "'\\
' » ' \
i X
!

Schedule
2023
Phase B Phase C PhaseD
PDR SIR | PER Launc
Opportunity

Phase E

Phase F

EZIE SV-B Solar Array Deployment

 All 3 MEM instruments tested, calibrated, and

delivered to BCT for S/C I&T

» All 3 S/C are integrated, vibration tested, and

currently under environmental TV testing

» Getting ready to ship to MSS after PSR
 Scheduled to launch on Falcon-9 as ride-

shares on 10/1 to 11/30.
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EZIE Outreach and Citizen Science Program: EZIE-Mag

Mission v Team News & Resources Media Gallery Contact

Becde'a Citizen Scientist

[ISts.Predict th&'S

Outreach

Science Workshop

What is EZIE-Mag?

Want to experience the aurora from your hometown? You can with
EZIE-Mag.

EZIE-Mag is a citizen science magnetometer program that will enable
learners to capture science data similar to that obtained by the EZIE
mission.

The program will distribute kits around the time of EZIE’s launch in
September 2024 that will enable diverse communities to collect data
about the connections between Earth and space.

But the program is much more than just a kit! EZIE-Mag is also a
learning program that includes activities and challenges that focus on
science, engineering, art, literacy and leadership, as well as social and
emotional skill-building. There are many options to customize and
enhance learners’ experiences.

EZIE-Mag
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EZIE =

Thank You and
Collaborations are Welcome!

EZIE Web Site: https://ezie.lhuapl.edu
Open Science Workshop :
When: 9/25-9/27 2024
Format: Virtual and On-site at APL
Registration: Open

® CCMC Meeting Sam Yee | 14
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EZIE Mission Summary

* Measurement Products:

- 0O, 118 GHz 4-Stokes spectral radiances

Current-induced magnetic field vectors
near ~80 km

2-D equivalent current maps
Line-of-sight Winds
Temperature profiles ~45 km to 90 km

* Measurement Properties:

- Collection Duration: ~9 to 11 min
- Integration time: 2 seconds
- Instantaneous FOV: ~30-50 km

* Deployment Orbit:

- Circular, 425- to 650-km altitude

- Near Sun-Sync, 10:00-12:30 or
22:00-02:00 LTAN

- Launch Date: Late 2024 or early 2025

® 2024 CEDAR Workshop

Sam Yee |



Secondary EZIE Level-2 Science Product:
Temperature Profiles Between ~45 km and 90 km

EZIE also can apply the temperature sounding technique to obtain temperature profiles
every 2 seconds from the measured brightness temperature of the O, spectral radiances

Contribution Function (T..: Vertical Linearized Radiance Contribution Function (T,;: Horizontal Linearized Radiance
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Advantages of EZIE B-Fields Measurements by Viewing Nadir "Q\sf‘

Higher Spatial Resolution

B (scalar) by eastward
current (1 A/m?) along
Mlat=65" circle - - - 500 km
Line current at 105 km

400 200 0 200 400
Current Source Distances from Measurement Location (km)
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EZIE Uses Zeeman Effects on the O, 118 GHz Thermal line to Obtm
Magnetic Field Strengths Near the Current Altitudes of ~105 km

The O, (J=1 to J=0) transition at ~118.751 GHz. It has three Zeeman components (Am=+1, 0, -1), while
the splitting in typical geomagnetic fields (30000-60000 nT) is of order 1 MHz.

MLS/Aura Vertical Polarized Measurements

— 5%
MLS/Aura 02(118 GHz) Observation (2004-2005) Av (MHz) =1.4012x10~*B (nT)

250 ' ! ' I ' I
40 km
200 The Zeeman effects of the O, 118 GHz lines
60 km . . . .
- the splits can be seen in both emission

(high altitudes) and absorption (low
altitudes) lines;

- the splits can be spectrally resolved. The

o | splitting is larger than the width of the lines.

~58400 nT - - the polarization states can be measured and
| used to obtain the information about the
angles between the B-vector and viewing
Frequency Shift (MHz) ”ne_of_sig ht
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