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EZIE measures electrojet currents in the ionosphere
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Zeeman effect provides information about vector magnetic field
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EZIE is a 3-CubeSat constellation with 12 instruments

* Electrojet spatial structure

~2-10 min '
/’Jio,@,// - Each payload consists of four identical
- ®

| \ ._ O, 118-GHz spectro-polarimeters, to
2 © | _. » remotely measure and image electrojet
induced magnetic fields
=> ~150 — 750 km spatial structure
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EZIE is a 3-CubeSat constellation with 12 instruments
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* Electrojet-induced B around 80 km, near
the electrojet altitudes

- Derivation of the B fields from Zeeman
properties of the observed O, 118-GHz
emission
=> 2-D equivalent current map
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EZIE is a 3-CubeSat constellation with 12 instruments

* Electrojet temporal evolution near the

, //jj“i“i‘///”” midnight sector
~2-10 min ;
/,'/2”/,: - ® - 3 6U CubeSats flying in a pearls-on-a-

» string formation, with varying
separation managed by differential
drag

e sae, o => ~2-20 min temporal variation
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Pearls-on-a-string with 2-10 min separation using differential drag maneuvers
(i.e. propulsion not required)

16 kg per satellite, 6U Class
38 W, End-Of-Life
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75 MB / Day / Sat, 361 GB science life 16 months for all satellites at Level 0-3
SpaceX Falcon 9, Secondary Payload Rideshare, March 15 2025
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Currently observing northern AEJs every orbit

Northern Summer Solstice Season Southern Summer Solstice Season Equinox Season (science augmentation)
Approx. May-Aug Approx. Nov-Feb Approx. Aug-Nov, Feb-May
Cadence of Science Collection Periods : Every Orbit Cadence of Science Collection Periods: Every Orbit Daytime Only, Centered at magnetic equator

_ \Ne are _
e Nightside
+55° Mlat e
crossing - Dayside [/
9 min
centered
| N at 0° Miat
> Desc. 55 Miat
Node - | crossmg
Earth Inertiél Bxes_ h L Earth Inertial Axes - . = == +9 mln . s = . V Ear'l:'h. Inertial Ax;a54

6 Oct 2025 01:16:34.000

1 Jul 2025 23:58:24.783 | < ST s ( 2.Jan 2025 01:44:47.397

Equinox
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separation: WO°
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So, where (and when) are the data?

Geolocated, calibrated brightness

Misra et al. [in press] Nov 15, 2025
temperatures

Vector magnetic fields at ~80 km Yee et al. [2017, 2021] Nov 15, 2025
2-D auroral electrojet currents Laundal et al. [2021] Nov 15, 2025

L=
.r.III:I
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Brightness Temperatures (K

Brightness Temperatures (K)

First light

EZIE Measurements of 02 118.75GHz Emission
2025-03-19 17:04:55 UTC
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EZIE Measurement and Forward Model

Journal of Quantitative Spectroscopy and
Radiative Transfer

133, January 2014, Pages 445-453

Define the . L
propagation ) - Y U S Magnetic field
plane and . = R . T Y °.~ direction
sensor ; T, e 5 - N s

orientation 7

A treatment of the Zeeman effect using
Stokes formalism and its implementation in

the Atmospheric Radiative Transfer
Simulator (ARTS)

Richard Larsson ® 2 &, Stefan A. Buehler ® & @ | Patrick Eriksson ? & @ | Jana Mendrok ® & @

_____

Show more
_________

+ Addto Mendeley of Share %% Cite

Get rights and content =

Describes how emissions behave in the presence of a magnetic field
(B), molecular rotational transitions split into multiple components:
™ component (Am = 0) — unshifted, linearly polarized

. _ ( e S B Propagation
ot components (Am = +1) — shifted, circularly polarized - -

direction

Results in a magnetically induced polarization signal in the emitted 8 =0° (LOS IIB) — only o* and 0~ appear; pure circular
radiation. polarization (Stokes V)

The amount and type of polarization depend on (among others): — oN° : : : .
Magnetic field strength and orientation B =90° (LOS L B) — dominant T component (linearly polarized);

Observation angle o components still present but altered

Frequency offset from line center
Atmospheric profile
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EZIE L1 Data — Calibrated Radiances

This is a typical EZIE L1 Dataset:

Vertical linear, Al Polarization TB - Beam 1 - 2025-05-04 Each of the
horizontal beams
linear, S3, and produce 9-
S4 constitute B minute spectra
the modified [ with 1024
Stokes we spectral
measure. channels for

- each of the 4
Vertical and look directions
horizontal and for each
polarizations of the 3
and S3 are spacecraft per
symmetric ] orbit.
while S4 is T eengotsetin oy offset i)
antisymmetric. Frequency from line center Time (UTC)

o
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EZIE L1 Data — Calibrated Radiances

All Polarization TB - Beam 1 - 2025-05-04

VLP - Beam 1 HLP - Beam 1

Note the
different
scales,
different
offsets from
line center,
different
features,... for T30 sm s o a0 T30 sw a0 o a0
each of the

different
beams.

Time (UTC)

Time (UTC)

All Polarization TB - Beam 2 - 2025-05-04

VLP - Beam 2 HLP - Beam 2

AF]

750 -5.00 -2.50 0.00 250 500  7.50 -5.00 -2.50  0.00  2.50
Frequency Offset [MHz) Frequency Offset [MHz)

There is a lot
of information
herell!

= 4
£

Lo

[ -

Time (UTC)

Time (UTC)

Time (UTC)

All Polarization TB - Beam 3 - 2025-05-04

VLP - Beam 3 HLP - Beam 3

Ieheon ity

S3 - Beam 3

-5.00 -2.50 0.00 2.50 5.00 7.50 -7.50 -5.00 -2.50 0.00 2.50 5.00

Franuancy Nffcat IMH21 Franiancy Offcat TMH>1

All Polarization TB - Beam 4 - 2025-05-04

VLP - Beam 4 HLP - Beam 4

o

250 000 250 500 500 -2.50 0,00  2.50
Frequency Offset [MHz)

S4 - Beam 4

Frequency Offset [MHz]
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EZIE L2 Data — Total B field

_ All Polarization TB - Beam 1 - 2025-05-04
To illustrate | VLP - Beam 1 HLP - Beam 1

the technique,
total B was
retrieved from
the line
separation,
which is the
simplest
retrieval
possible.

The distance
between the
vertical lines is
proportional to
the B field.

-7.50 -5.00 -2.50 0.00 2.50 : : -7.50 -5.00 -2.50 0.00 2.50 5.00 7.50
Frequency Offset [MHz] Frequency Offset [MHz]

g T
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EZIE L2 Data — Total B field

Btot Overview for May 04, 2025 - Centered at Lat 65.82°, Lon -116.04°
Measured Btot Ancillary Btot

Repeating that for all four beams, along L ; | é\k
EZIE-A (middle, but representative o S éé%%fw%

ft), t four tracks of : ¢ 4 S8 o
spacecraft), we get four tracks o gg*\ LeadiEa N@@@?\%
TINS5 F %o VA ha & 3 t 2
o“i \ 0“,{:

magnetic field retrievals.

. - CR N
Here we already notice a deviation
from IGRF. Lower plot shows these 'y

differences. ; /
EZIE-AS &

SuperMAG SML and SMU Indices (04:00-08:00 UTC, May 4, 2025)

100
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Time (UTC) Time

Index Value [nT]

—200

1 —— MEM 1 Measured —— MEM 3 Measured
-300 4 —— SML — —~== MEM 1 Ancillary ~== MEM 3 Ancillary
— SMU = P 7 —— MEM 2 Measured ~—— MEM 4 Measured

EZIE Measurement ™ ""3: _ ~== MEM 2 Ancillary -== MEM 4 Ancillary




EZIE L3 Data — AEJ Equivalent Currents

EZIE Bu (~85 km
: bore EZIE

The EZIE L3 data retrieval works with both the 2025-05-07 07:48:25 UTC
total B field or the individual components.

Using the preliminary Total B below we get this -

—-300 -200 -100 0
Bu [nT]

CEDAR/GEM 2025 « Des Moines * June 24, 2025 16



EZIE L3 Data — AEJ Equivalent Currents

EZIE Bu (~85 km) P ot— AT

SuperMAG Bu (~85 km projection)
2025-05-07 07:48:25 UTC Tt =l ,

2025-05-07 07:48:25 UTC

—-300 —-200 —-100 0
Bu [nT]

—-300 —-200 —-100 0
Bu [nT]

° ( }
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EZIE L3 Data — AEJ Equivalent Currents

EZIE Bu (ground projection)J_—:L:

SuperMAG Bu (ground)
2025-05-07 07:48:25 UTC =&l

2025-05-07 07:48:25 UTC

-300 -200 -100 0
Bu [nT]

—-300 -200 -100 0
Bu [nT]

° ( }
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EZIE L3 Data — AEJ Equivalent Currents

EZIE Bu (~85 km)
2025-05-07 07:48:25 UTC

Caveats:

* These results are very preliminary and with
various caveats related to the calibration of
L1 data and the L2 retrieval algorithms.

« There are many identified implementations to
the algorithms that will significantly improve
these results. .

EZIE Side: e

* Preliminary EZIE results show good 3025.05.07 07:48:35 UTC.

agreement with the large-scale features of

SuperMAG (10 magnetometer stations were

used to retrieve the currents)

Full EZIE data release will contain much

higher spatial resolution and multi spacecraft.

SuperMAG Bu (~85 km projection)
2025-05-07 07:48:25 UTC -

—-200 -100 0 100 200
Bu [nT]

SuperMAG Bu (ground)
2025-05-07 07:48:25 UTC

CEDAR/GEM 2025 « Des Moines * June 24, 2025
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EZIE and the CEDAR Community Interest

Retrieved Total B 54200.6 nT (IGRF 54912.7 nT)
Retrieved LOS Vel: 959.3 m/s (SC Vel 920.0 m/s)

Beyond the EZIE magnetic field
measurements, the EZIE technique
also enables the retrieval of line-of-
sight neutral winds and temperature
profiles.

* Neutral winds

« Doppler shift from perceived
line center (O, emission at Frequency Offset [MHz]
118.75 GHZ) ~4OOHZ/(m/S) Original and Folded TB Spectrum

* Instrument alignment needs
assessment.

« After shifting the perceived
line center to 0 MHz, itis
easy to see the symmetric
nature of the Zeeman
splitting.

w H U
o o o

—— Spectrum
- True o~
= True o+
- True Center
- Symmetry Center

Brightness Temperature [K]
N N N N N N
= N
o o

=
O o
o
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—-—-- Refined Mean Sigma Center

=== Mean Sigma
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|
|
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i
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|
|
|
I
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|
|
0

4 6
Offset from Center [MHz]

== AT
e M | b CEDAR/GEM 2025 « Des Moines ¢ June 24, 2025 20



EZIE and the CEDAR Community Interest

Temperature Profile Modification

Beyond the EZIE magnetic field ]
measurements, the EZIE technique also
enables the retrieval of line-of-sight
neutral winds and temperature profiles.
 Temperature profile
« The information about the
temperature profile is contained
in the spectra:
: Measured radiances
. Forward model with
MSIS
« Cyan: Forward model with
modified T profile.
Temperature retrieval is computationally
intensive but possible (altitude-
dependent of numerical Jacobian
calculation). Capability is being
developed and will be tested for future _ :
data release. per 500

Temperature [K]

—_
£
i)
=
@
=]
=]
=
=
<

—— OSSE LOB Original
OSSE LOB w/ T mod
—— Measured L1

—— (SSE LOB Orlqlnal
0OSSE LOB w/ T mod
—— Measured L1
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Principal Investigator:
Jeng-Hwa (Sam) Yee (sam.yee@jhuapl.edu)

Deputy Principal Investigator: ,
~ William Swartz (bill:swartz@jhuapl.edu)

Project Scientist: :
Jesper Gjerloev (jesper.gjerloev@jhuapl.edu)

EZIE Science Gateway:

Deputy Project Scientist: N b, ‘ https://eziegw.jhuapl.edu/
Rafael Mesquita (rafael.mesquita@jhuapl.edu) -

EZUE,

Come talk to us! _Electrojet Zeeman Imaging Explorer

EZIEMag Gateway
https://eziemag.jhuapl.edu/

Jesper
Gjerloev

"~ William |
Swartz |

Rafael
Mesquita
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