
Research Observatory for Atmospheric Responses to 
Sun-magnetosphere interactions (ROARS)

The Science The Mission The Instruments

Q3: What is the 
influence of magnetic 

fields on planetary atmospheres?

Q2: How is energy and 
momentum redistributed within 

the ionosphere-thermosphere 
system?

Q1: How much energy and 
momentum is transported from the 
magnetosphere into the upper 
atmosphere?

1. Magnetic field
2. Energetic Particle 

Precipitation 
3. Atmospheric Ions 

& Neutrals
4. Convective electric field
5. Ionospheric electrons
6. Orbital elements
7.  

1. Magnetometry

2. Energetic Particle Precipitation

3. Ionosphere & Thermosphere

• Dual fluxgate 
magnetometers 
(IWF)

• Quantum optically pumped 
magnetometer (CEA)

Comparatively sized bodies have 
exhibited vastly different 
evolutionary
 dynamics

Ice giant atmospheric temperatures 
decreasing

• Energetic Particle (EPE) instrument  
(UCLA, RAL, Kiel, UTU)

• Low-energy Ion and Electron 
Analyzer (IRF)

• Heritage: JUICE, Comet Interceptor, Luna 27

• Institute: University of Bern, Switzerland

• Multi-Needle Langmuir Probe 
(EIDEL/Oslo)

• Ion Drift and Energy Analyzer 
(Calgary)  

• Ion & Neutral Mass Spec (Bern) 

•
 

•  

•  
• Progressed through 

ESA Phase 0 study & 
UoPortsmouth CDF study

•  
• Shortlisted to Stage 2 as an

ESA Fast mission: F3

Left: OpenCosmos MiscroSat Qualification Model, RIght: Aurora visible from the ISS 

● Satellites: Four identical 
Micro-Satellites in formation

● Orbit: Polar, precessing, altitude 
500 km  200 km

● Lifetime: 24-36 Months

● Mass: Payload Mass < 20 kg, 
each Satellite  < 100 kg

NanoMagSat

MMS

Swarm

Cluster
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 Green excitation 🡪
    1. Spin polarization
    2. Spin-dependent
         photoluminescence

Nitrogen Vacancy in Diamond Magnetometers

Critical Gap: 
- Reliable absolute measurements of the 

magnetic field: dual sensor designs 
-  
NV magnetometers:
- Absolute vector measurement

- Large dynamics range (e.g. Earth 
field mapping through to ISM)

- Temperature insensitive

- Solid state, rugged, 
radiation hard

- Ultra-light sensor 
heads at end of boom 

-  

- Full system: <1 litre

-  ETP & ESA grants: TRL4

• Optically detected magnetic resonance (ODMR)  used 
to measure magnetic fields at NV centres

• Returns field projection along each four orientations 
of the NV point defect

Preliminary Results

MW Doherty et al, Physics Reports 528, 1 (2013)
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Left: J-MAG flux gate, Centre: NV sensor at Warwick, Right: noise spectrum of NV sensor
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• MAQRO was proposed to probe 
quantum collapse [1]

•  
• Here, a dielectric nanoparticle is 

exposed to the ambient medium 
outside the spacecraft. 

•  

Critical Data Gap: 
- Current instruments (accelerometers, 

mass spectrometers) cannot provide 
reliable density measurements in upper 
atmosphere or of exospheres

Innovative measurement
- Laser-trapped nanoparticle, 

quantum-limited position monitoring, 
resolves individual collisions with gas 
atoms 

- Can detect individual events!

Technical heritage
- Exploits advances in (terrestrial) levitated 

optomechanics, where quantum 
techniques honed through decades of 
atomic physics are applied to 
manipulating nanoparticles 

Development status
- UKSA ETP1 enabled technology development (PI: Bateman)
- UKSA-Axiom flight opportunity on ISS (PI: Oi)
- ESA Quantum Sensors for Earth Observation 

ongoing feasibility study (PI: Desai)

Near-term SWaP estimates
- Illustrative sensor head depicted (above)
- Sensor head can be small : ~0.6 kg
- Cables and fiber optics for control & power

Performance estimates
- Theoretical modelling on-going
- 100nm particle, ~10k/s collision events
- Simulated trajectories, realistic noise
- Reconstruct e.g. Oxygen @ 400km
-  
-  
-  

Consortium
- Swansea Uni. (Bateman)
- Uni. Strathclyde (Bengt , Oi)
- Uni. Warwick (Datta, Desai)
- Craft Prospect Ltd (UK) 

(Payload interface design)
-  

LEVITAS: Levitodynamics for 
Individual Particle Sensing in Space

Schematic of LEVITAS in one dimension; 

https://arxiv.org/abs/2510.24524

• Current instruments use indirect methods 
to detect neutrals & extensive calibration

• LEVITAS provides a highly sensitive 
solution to directly measure particles in 
space

• Compact sensor head less than 2u, TRL 
2-3

•  

Optomechanics
Critical Gap

LEVITAS sensor head: Nanoparticles 
are ejected from a metallic substrate 
using a pulsed laser via laser-induced 
acoustic desorption

 Photograph of 
a nanoparticle 
held at the 
focus of a high 
NA objective 
lens [2]

• Left: Variation of the relative error in the best estimates with 
measurement time τ at T = 1045 K and w = 0 m/s. 

• Top right: Example data histogram at τ = 60 s, T = 1045 K, and w 
= 0 m/s. 

• Bottom right: Relative error for different values of T (middle) and 
w (right), at τ = 60 s

Thermosphere @ 600 km

Inference of parameters in LEO at 600 km altitude

Inference of parameters of the interstellar medium 
observed at L2

Thermosphere @ 600 km

Interstellar neutrals @L2

https://arxiv.org/abs/2510.24524
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