
1ESA UNCLASSIFIED – For ESA Official Use Only

Photonics Delivering Space Science Missions

Iain Mckenzie

ESA - ESTEC

SIAPS: Swiss Innovation for Astrophysics and Planetary Science
21/01/2026



22

Applications of photonics in Science Missions

Magnetometers

Planetary Exploration - Rovers

Interferometers

MAGSCA – Juice Mission Exomars

LIDAR/Altimeters

BepiColombo – 

Mercury Flyby

LISA
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LIDARs – Atmospheric and Altimetry an Historic View

Mission Agency /

Nation

Launch Purpose Laser Parameters:

[MOLA 1  ] NASA 1992 Ranging, 

Mars

LITE NASA 1994 Profiling Nd:Cr;YAG, 

1064nm/532nm/355nm

BALKAN Russia 1995 Profiling, 

MIR

NEAR NASA 1996 Ranging Nd:Cr:YAG, 15mJ, 15ns, 2Hz, 

1064nm

SLA-01 NASA 1996 Ranging

Shuttle

Nd:Cr:YAG, 40mJ, 10ns, 10Hz, 

1064nm

MOLA 2 NASA 1996 Ranging Nd:Cr:YAG, 42mJ, 8ns, 10Hz, 

1064nm

SLA-02 NASA 1997 Ranging, 

Shuttle

[MPL/DS2 ] NASA 1999 Ranging

ELISE Japan 2000 Profiling Nd:YLF, 84mJ/10mJ, 667ns, 

100Hz, 1053nm/527nm

ICEsat/GLAS NASA 2003 Ranging

Profiling

Nd:YAG, 74mJ/35mJ, 5ns, 

40Hz, 1064nm/532nm

Hayabusa 1 JAXA 2003 Ranging 1064 nm, 1 Hz, 8 mJ Q-

switched, single-mode 

Nd:Cr:YAG, LN Pocket cell

Messenger/ 

MLA 

NASA 2004 Profiling, 

Mercury

Nd:Cr:YAG, 20mJ, 8ns, 8Hz, 

1064nm

CALIPSO NASA 2005 Profiling Nd:Cr:YAG, 110mJ/110mJ, 

24ns, 27Hz, 1064nm/532nm

SELENE/ 

LALT 

Japan 2005 Altimeter, 

Moon

Nd:YAG, 100mJ, 15ns, 1Hz, 

1064nm

Chang’E China 2007 Altimeter, 

Moon

Nd:YAG crystal actively Q-

switched with a KD*P

LOLA/LRO NASA 2008 Altimeter, 

Moon

Chandrayan India 2008 Altimeter, 

Moon

1064 nm, 100 mJ Q-switched 

Nd:YAG laser LiNbO3

Mission Agency /

Nation

Launc

h

Purpose Laser Parameters:

Phoenix NASA 2009 Profiling Mars Nd:YAG, 1mJ, 10ns, 1Hz, 

1064 /532 nm

Chang’E-2 China 2010 Altimeter, 

Moon

Hayabusa-2 JAXA 2014 Deep Space 1064 nm, 15 mJ Q-switched, 

single-mode Nd:Cr:YAG

CATS NASA 2015 Profiling Mount on Kibo ISS, 3 

wavelength instrument

OSIRIS-REx NASA 2016 Altimeter, 

Deep Space

Nd:YAG with KTP at 10 kHz and 

10 µJ

Aeolus ESA 2018 Wind Profiling Nd:YAG, 

60-70mJ, 355nm, 50Hz

BepiColombo

/BELA 

ESA 2018 Altimeter, 

Mercury

Nd:YAG , 50mJ, 10Hz, <10ns, 

1064nm 

ICEsat 2 NASA 2018 Ranging 

Profiling

6 beams at 532 nm 250-900 µJ 

Nd:YVO4. Photon-counting lidar

GEDI NASA 2018 Profiling Q-switched Nd:YAG. 242 Hz 10 

ns 1064 nm 10 mJ

JUICE 

(GALA)

ESA 2023 Altimeter transversely-pumped, actively Q-

switched Nd:YAG rod laser

EarthCARE / 

ATLID 

ESA 2024 Profiling Nd:YAG,

 40 mJ, 51 Hz, , 355nm

HERA (PALT) ESA 2024 Altimeter, 

Deep Space

MERLIN CNES/DLR 2027 Methane IPDA

Nd:YAG pumped OPO, 9mJ, 20 

Hz, double pulse at 1645 nm

Aeolus-2 ESA 2028 Wind Profiling TBD

LISA ESA/NASA TBD Gravitational 

Waves

TBD

Aeolus-1 satellite and setup

→ Altimetry Lidars where already used by NASA in the first apollo missions in the 60s.
→ Rendezvous & docking Lidars (RVS) used for docking to the ISS since 1997, European RVS where first flown on the ATV-1 in 2008.
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ESA mission Laser Altimeter 

Mission:

• Dual spacecraft mission 

• JAXA- Mercury Magnetospheric Orbiter

• ESA- Mercury Planetary Orbiter 

• To study Mercury’s history, composition, geophysics, atmosphere 

& magnetosphere.

Lidar: 

• Topography and surface morphology

• Operation from 2026

• Optimum return 1000 km

• Ground-tracks of 250 m

• 1064 nm passive Q-switched Nd:YAG

 

The Bepi Colombo Laser Altimeter (BeLA)
Developed by DLR and U. of Bern & TAS (CH)

Laser 50 mJ@ 10 Hz 5 ns

Mass ~16.3 Kg

Power ~30 W

Accuracy ~2 m

Detector APD

Transfer to Mercury 

BeLa specs

BepiColombo Satellites 
and model of BeLA

𝑅𝑎𝑛𝑔𝑒 𝑧 = 𝑐
∆𝑇

2
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ESA mission Lidar- Altimetry 

 

HERA- Planetarily ALTimeter (PALT)

Mission:

• First rendezvous binary near-Earth asteroid

• Characterization of asteroid post-impact (DART NASA mission)

• Demonstration of autonomous navigation

Lidar: 

• Shape determination of Didymos and its moon, Dimorphos, 

contribute to the mass determination of Dimorphos, and measure 

its orbital state and wobble + GNC

• Launch 2024, active from 2026

• 1535 nm (microchip laser -Er:Yb Co:MgAl2O4)

• Between 100 m to 14 km 

Laser 100 µJ@ 1-10 Hz   

2 ns

Mass ~4.92 Kg

Power ~13.6 W

Accuracy ~0.5 m

Detector APD

PALT specs

𝑅𝑎𝑛𝑔𝑒 𝑧 = 𝑐
∆𝑇

2
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Rendezvous & Docking Lidars

RVS3000 Jena Optronik

Imaging or 3D Lidar:

• Close proximity and navigation

• Point cloud data use using 

• Rendezvous and docking (RZ&D)

• Proposed for the Mars sample return

Lidar: 

>5 Km far range

30x30 FoV

Scanning mirror assembly 

Higher repetition rate due to scanning

 

RVS3000 Lidar from Jena-Optronik 
onboard of ATV-5 docking into ISS

M. Moeller et. al. (2024)

Laser 1.5 µm Fiber laser

Mass ~12 Kg

Accuracy ~cm

Power ~ 80 W

RVS3000 specs

𝑅𝑎𝑛𝑔𝑒 𝑧 = 𝑐
∆𝑇

2
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Mars Sample Return Mission
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In-orbit Satellite Servicing

Change of paradigm….it is possible to repair in space.

Servicer spacecraft will be able to assemble, repair, add 

capabilities, refuel, recycle or remove satellites at end of life.

Northrop Grunmann MEV 1 approach to Intelsat IS-901 

. VBN product from CSEM - RemoveDebris in orbit demonstration

➢ Feb 2020 first successful 

demonstration of life extension

➢ 5 year life extension

➢ Life extension market worth billions

➢ 75 satellites could be suitable for life 

extensions by 2030.
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LIDAR Challenges

Aeolus-1 optical bench

• SWAP – AIT Challenging

• Large number of 

components

• Vacuum operation – LIC/LID

• Find design options to 

minimise the energy density 

on coatings 

• Increase damage 

threshold of coatings

• Large thermal ranges - CTE 

mismatch of materials

• Improve radiation tolerance 

for deep space missions

• Reduce development cycles 

by modularity

• Photonic Integration
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Juice Magnetometer - JMAG

Two fluxgate sensors: Imperial College London and TU Braunschweig

Optical scalar sensor: OeAW/IWF and TU Graz

Unlocking the mysteries of Jupiter’s Magnetosphere

The depth and extend of the ocean beneath Ganymede’s ice sheet

PI: Michele Dougherty, Imperial College London
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Precision via Quantum InterferenceQuantum

Optical Fibers

Sensor

Electronics with Laser Unit

Ellmeier et al., 2023
Amtmann et al., 2024
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Logical NEXT Step – Optical Vector Magnetometer

Optical instead of soft-magnetic zero detection

− Rubidium vapour replaces magnetic core

− No drift with time and temperature of rubidium vapour

− Optical detection of Hanle resonance

− Hanle resonance is a zero-magnetic field effect

− Offers higher sensitivities compared to fluxgates

− Closely related to Coherent Population Trapping (CPT) as 

used in the optical scalar instrument
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Prototype Results - Sensitivity

Baseline design: two parallel beams

 █ 1 Hz performance: 0.5 – 2.5 pT/√Hz

 █ 1 mHz performance: < 15 pT/√Hz

 Already outperforming fluxgates 

 Triaxial < 1 pT/√Hz @ 1Hz feasible
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Specific Mass Spectrometry

Detection of Ion Cyclotron Waves (ICW)

− Recent discovery of Lithium in Mercury’s space 

environment

Magnetometers with high sensitivity and bandwidth 

enable specific mass spectroscopy

− Detecting weaker ion cyclotron waves

− Separating of isotopes

Outer planets: Phosphorous detection at Io

− Phosphates observed by the Cassini’s Cosmic Dust 

Analyzer

− Separation of isotopes might be possible with Hanle sensor

→ Enceladus related modelling activities planned at 

IWF during the next 2 years

Schmid, D., Lammer, H., Berezhnoy, A.A. et al. Detection of 
lithium in the exosphere of Mercury. Nat Commun 16, 6205 

(2025). https://doi.org/10.1038/s41467-025-61516-4
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Planetary Exploration - Rovers

Returning robots and humans to the moon and beyond.

Photonic Technology for Rovers

• Autonomous navigation:

• LIDAR, 

• Event based imaging and neuromorphic 

imaging

• Sensor suit for planetary science:

• LIBS

• Microspectrometers

• Seismic monitoring

• Compact IMU for navigation.

• Laser powering for remote operation in permanently 

shaded areas of the moon

• Tethered powering of remote antennas using fiber 

optics for power and RF transmission.
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Penetrator missions

No successful penetrator missions to date

ESA plans a penetrator mission to Mars or Europa

Science should include – astrobiology and seismology payloads

25,000g deceleration forces

Could this be a good application of photonic integrated circuits?
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Imaging a Black Hole from Space

Event Horizon Telescope: Our first view of a black hole 

from Earth based telescopes.

Advantage of imaging from space:
• Larger baseline

• No atmosphere (attenuation at higher frequencies)

Challenges of a space mission:
Detection >500GHz to improve angular resolution

LO exchanged between platforms high a frequency as possible

Data exchange between platforms in the order of 100-200Gbps

Range to 10 m and Range-Rate to 1 nm/s between satellites

Satellite position to within a 0.1mm 3D baseline determination

M. Mertin-Neira, V. Kudriashov. Local Oscillator Concept for the Event Horizon Imager. Journal of 

Astronomical Instrumentation, Vol. 11, No. 3 (2022) 2250013
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Challenges for photonics in space

Space environment

• Radiation

• Vacuum

• Thermal 

• Lifetime

• Long storage prior to launch

• Mechanical loads during launch

Technical challenges

• Performance (wavelength, speed, power, losses…)

• Temperature ranges (e.g. -55°C to +125 °C)

• Thermal management (no convection in vacuum)

• Assembly and packaging (hermeticity!)  

• Reliability and quality

Programmatic and industrial challenges

• Heavy reliance on commercial parts

(limited offer in terms of HiRel parts)

• Limited support for small volume markets

• Limited access to test and reliability data

• Stability of the supply chain

• Rapid process changes - repeatability of parts quality

• Long development timescale for missions 

– uncertain long term availability of parts
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Technology Harmonisation at ESA

Objectives of Space Technology 

Development

➢ Future Missions

➢ Competitiveness of European Industry

➢ Fostering innovation

➢ Critical Space Technology Independence

➢ Technology Transfer: Spin-in & Spin-out

Ensure that the right technology,
at the right maturity level,

is available at the right time
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Harmonisation Outputs

Technical 

Dossiers 

(TD)

Roadmaps 

(RM)

Endorse

d 

by IPC

Diffusion 

of 

informatio

n

https://technology.esa.int/page/harmonisation

LIDAR, Photonics and Optical Communications technology harmonisation 
process will take place over the coming 2026-2027 time frame.

https://technology.esa.int/page/harmonisation
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Conclusions

• Thanks to a growing heritage of flight experience in Europe 

photonics is set to play an increasingly important role in future 

space science missions.

• European security and sovereignty is set to play a central role 

in accelerating the development of space photonics 

• Photonic integration and advanced photonic packaging is 

expected to play a key role in enabling complex photonic 

payloads in space
Picture courtesy of Deeplight SA
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2025/2026  ESA Photonic Related Events

Upcoming:

9th Annual ScyLight Conference

June 2026, Tenerife, Spain
https://atpi.eventsair.com/scylight-2026/

EPIC Technology Meeting Photonics for Space at AIP

8th-9th June 2026, Leibniz Institute for Astrophysics Potsdam, Germany
https://epic-photonics.com/events/epic-technology-meeting-on-photonics-for-space-and-new-space-at-aip/

16th ICSO International Conference on Space Optics 2026

12th -16th October 2026, Serrento, Italy
https://atpi.eventsair.com/icso-2026/
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© 
esa

Thank you!

ESA’s Commercialisation Gateway

https://commercialisation.esa.int/ 

ESA Open for Business

https://www.esa.int/About_Us/Business_with_ESA/esa-star_open_for_business 

Open Space Innovation Platform  
https://www.esa.int/Enabling_Support/Preparing_for_the_Future/Discovery_and_Preparation/The_Open_Space_Innovation_Platform

Voyage 2050 White Papers - Long-term planning of the ESA Science Programme

https://www.cosmos.esa.int/web/voyage-2050/white-papers

Secure and Laser communication technology Program (Scylight)

https://artes.esa.int/scylight

Join us at the Industry Space Days – ESTEC 16th-17th Sept 2026

https://www.esa.int/About_Us/Business_with_ESA/Small_and_Medium_Sized_Enterprises/Industry_Space_Days

www.esa.int

For more information:

iain.mckenzie @ esa.int 
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