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• Lower Thermosphere and Ionosphere – ESA Daedalus
mission

• Some Swedish sounding rocket projects
- SPIDER-2
- BROR
- SYSTER
- ORIGIN

Outline



Daedalus mission candidate for EE10



Daedalus mission candidate for EE10

- Proposal of mission to low thermosphere/ionosphere region

- In situ measurements in the region, with perigee <200 km

- PI T. Sarris (Greece)

- Phase 0 concluded in 2020

- Not selected for phase A for budgetary reasons (Harmony mission 
continues to phase A as a sole candidate)

- Discussions ongoing on altenative implementation scenarios













LTI conditions change substantially with 
geomagnetic activity
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So far, sounding rockets are the only way to do in situ 
measurements in the LTI region

They also provide ground truth for remote sensing
(optical imaging, radars, lidars, etc)

Rockets will be needed to complement LTI satellite data 
with vertical profiles

Sounding rockets



Main rocket:
- UV Photometer (MISU)
- Ion probes (IAP Kühlungsborn)
- Faraday rotation (TU Graz/IAP Kühlungsborn)
- Electron probe (KTH)

SPIDER-2 free fliers (x8):
- 4x E-field probes
- 4x Langmuir probes
- SMILE

MUSCAT free fliers (x4):
- raw GPS 
- accelerometers

Launched: 2020-02-19 23:14 UTC / 2020-12-20 00:14 LT

SPIDER-2



Nosecone payload – “plasma package”

Photometer

Electron probe

Faraday

Ion probes



Cylindrical Langmuir
probes
Spherical E-field probes
1.5 m wire booms
SMILE magnetometer

Boom deployment system

Langmuir probe

E-field probe

Reaction wheel SMILE



Falling spheres to retrieve
density, temperature and wind
profiles.

Design based on MUSCAT 
REXUS experiment (2013) and 
LEEWAVES (2016)

MUSCAT free fliers

wind

MUSCAT sphere total acceleration



Launch – Feb 19, 2020, 23:14 UTC

Photo: SSC, M. Lindh et al



SPIDER-2 observations – pulsating 
aurora event with high energy 
precipitation

1 hour

Photometer

Electron probe

E field

hpeak<100 km



SYSTER: Proposed by KTH in situ rocket with
comprehensive suite of instrumentation, for 
quantitative characterisation of the energetics
of Joule heating in the auroral region through
in situ measurements of the parameters of
ionized and neutral components in the lower
thermosphere. 

SYSTER & BROR

BROR: Proposed by IRF Kiruna/Clemson
Universty, to study neutral winds and ion
drifts in the ionosphere and effects of scale
structure
Multiple Barium releases @ 120 km, 140 km, 
160 km, 180 km & ground based optical
tracking of neutral and ion clouds
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SYSTER
- Proposal submitted to SNSA spring 2020
- NASA contribution funded, conditioned on SYSTER 

approval
- Discussion with ESA on potential co-funding ongoing



BROR – Barium Release Optical 
and Radio experiment



BROR – funded for flight 2022/23!

AZURE rockets, NASA 
2019 @Andøya

T. Sergienko & BROR team

1967 @Esrange

Facility

ALIS4D 0.1-10 km
~10s ms

Riometer 1-60 MHz
10 ms

EISCAT 2 km
0.44 s



Oxygen and its Role In Generating 
and Influencing Nightglow
J. Gumbel, J. Hedin, L. Megner (MISU) 
N. Ivchenko (KTH), D. Murtagh (Chalmers)K. , Kalogerakis (SRI)

Heritage: O-STATES campaign 
(Esrange, October 2015)MISU’s UV/Visible/IR photometer package

ORIGIN



• new lab results on O and H reaction paths
• consequences for energetics and remote sensing

Rocket-borne:
• UV/Vis/IR photometry
• Microwace radiometry
• active O-, H-probes
• CONE temperature
• Ionospheric probes

Ground-based:
• Imaging photometry
• Spectrographs
• Esrange lidar
• EISCAT_3D

Revisiting the physics of nightglow emissions

J. Gumbel & ORIGIN team



Recent focus on the LTI…

E. MacDonald et al, 2018

STEVE

Image: ESA/David Markel Photography

Emissions associated to Sub-
Auroral Ion Drifts, spectra
different from aurora, possibly
local generation

FAE

J. Dreyer et al., 2021

Possibly local generation

Dune aurora

M. Palmroth et al, 2020

100 km altitude, 
~50 km wavelength



- Sounding rockets are a unique research tool
- Esrange has perfect facilities for research using

sounding rockets
- There is revived interest in LTI, both scientifically

and in space weather context
- Opportunities for great collaboration within Grand 

Challenge Initiative
- Hopefully Sweden continues contributing actively!

NASA GDC mission (@ 300-400 km) is targeting
magnetosphere-IT coupling

Daedalus mission may be pursued outside EE 
program

PhD position (SNSA-funded) to be announced at 
KTH to work with SPIDER-2 data

Outlook…
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