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LIDARs — Atmospheric and Altimetry an Historic View

esa

NASA 1992 Ranging, NASA 2009 Profiling Mars Nd:YAG, 1mJ, 10ns, 1Hz,
Mars 1064 /532 nm
NASA 1994 Profiling Nd:Cr;YAG, . .
1064nm/532nm/355nm Clifiz i A'R'A";gtner'
MU R Pr‘,\’,fl'l'g‘g' JAXA 2014  Deep Space 1064 nm, 15 mJ Q-switched,
; O single-mode Nd:Cr:-YAG
R 2 Ranging Nd'Cr'YAGi 3;’2;#15”5' 2z, NASA 2015 Profiling Mount on Kibo ISS, 3
NASA 1996 Rangi Nd:Cr:YAG, 40mJ, 10ns, 10Hz, R (TS
Shutls Siatvediisia NASA 2016 Alimeter,  Nd:YAG with KTP at 10 kHz and
; Cr- Deep Space 10 pd
NASA 1996 Rangin Nd:Cr:YAG, 42mJ, 8ns, 10Hz, ; »
aind O e o R ESA 2018 Wind Profiling Nd:YAG,
NASA 1997 Ranging, 60-70mJ, 355nm, 50Hz
Shuttle
NASA 1999 Ranuging Bepliggll-c;\mbo ESA 2018 A“I/}LTftf;', Nd:YAG , 51()(;ré\in1§)Hz, <10ns,
J 2000 Profili Nd:YLF, 84mJ/10mJ, 667 J
apan roming plailnd ol gy NASA 2018 Ranging 6 beams at 532 nm 250-900 pJ
100Hz, 1053nm/527nm 2 R
Profiling Nd:YVO4. Photon-counting lidar
NASA 2003 Ranging Nd:YAG, 74mJ/35mJ, 5ns,
Profiling 40Hz, 1064nm/532nm NASA 2018 Profiling Q-switched Nd:YAG. 242 Hz 10
: ns 1064 nm 10 mJ
JAXA 2003 Ranging 1064 nm, 1 Hz, 8 mJ Q- JUICE ESA 2023 Altimeter transversely-pumped, actively Q-
switched, single-mode GALA] switched Nd:YAG rod laser
Nd:Cr:YAG, LN Pocket cell EarthCARE / ESA 2024 Profiling Nd:YAG,
NASA 2004 Profiling, Nd:Cr:YAG, 20mJ, 8ns, 8Hz, ATLID 40 mJ, 51 Hz, , 355nm
Mercury 1064nm :
NASA 2005 Profiling Nd:Cr:-YAG, 110mJ/110mdJ, Al L EEi A DA”'mgter'
24ns, 27Hz, 1064nm/532nm eep space
Japan 2005 Altimeter, Nd:YAG, 100mJ, 15ns, 1Hz, MERLIN CNES/DLR 2027 Methane IPDA
Aeolus-1 satellite and setup Moon 1064nm Nd:YAG pumped OPO, 9mJ, 20
China 2007 Altimeter, Nd:YAG crystal actively Q- Hz, double pulse at 1645 nm
ry y
Moon switched with a KD*P ESA 2028 Wind Profiling TBD
NASA 2008 Altimeter,
Moon —
India 2008  Alimeter, 1064 nm, 100 mJ Q-switched AR Soatiss | TED G”\‘/‘&"a“ona' =
Moon Nd:YAG laser LiNbO3 aves

- 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

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

Mission: Range (z) = c—-
Dual spacecraft mission
JAXA- Mercury Magnetospheric Orbiter
ESA- Mercury Planetary Orbiter

To study Mercury’s history, composition, geophysics, atmosphere
& magnetosphere. Transfer to Mercury

BepiColombo Satellites
and model of BeLA
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Lidar:

Bela specs
Topography and surface morphology LeGer 50 mJ@ 10 Hz 5 ns
Operation from 2026 Mass ~16.3 Kg
Optimum return 1000 km Power ~30 W
Ground-tracks of 250 m Accuracy ~2'm
1064 nm passive Q-switched Nd:YAG Detector APD
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ESA mission Lidar- Altimetry

HERA- Planetarily ALTimeter (PALT)

AT
Range (z) = c7
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 PALT specs
Launch 2024, active from 2026 Laser 100 pJ@ 1-10 Hz
1535 nm (microchip laser -Er:Yb Co:MgAl,O,) 2ns
Mass ~4.92 Kg
Between 100 m to 14 km Power 136 W
Accuracy ~0.5m
Detector APD
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Rendezvous & Docking Lidars

‘ A e e
@ Jjenaoptronik Range (2) = CA_T s
2 T my | {6 PRT Blob
RVS3000 Jena Optronik —— Iy / , Orages
Imaglng or 3D lear PSR E'\ Far Range ‘

* Close proximity and navigation
* Point cloud data use using

) RVS3000 Lidar from Jena-Optronik
* Rendezvous and docking (RZ&D) onboard of ATV-5 docking into ISS

* Proposed for the Mars sample return - Medium Range

Lidar:
>5 Km far range
30x30 FoV

Close Range

. . RVS3000 specs
Scanning mirror assembly
_ o _ Laser 1.5 um Fiber laser
Higher repetition rate due to scanning m -~
ass 9 M. Moeller et. al. (2024) -

Accuracy ~cm 5 ETTT
Power ~80W )
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Mars Sample Return Mission

2 MARS SAMPLE RETURN
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In-orbit Satellite Servicing

Servicer spacecraft will be able to assemble, repair, add
capabilities, refuel, recycle or remove satellites at end of life.

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.

Northrop Grunmann MEV 1 approach to Intelsat IS-901

LiDAR receiver

2 2
u/—,/’ Color camera

N —

VBN product from CSEM - RemoveDebris in orbit demonstratioré\
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LIDAR Challenges

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

Aeolus-1 optical bench
9
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Juice Magnetometer - JIMAG

Two fluxgate sensors: Imperial College London and TU Braunschweig
Optical scalar sensor: OeAW/IWF and TU Graz

* RIME

RPWI
PEP
JANUS

uvs

Magnetometer boom ’
(J-MAG, RPWI]

Unlocking the mysteries of Jupiter's Magnetosphere

The depth and extend of the ocean beneath Ganymede’s ice sheet
10
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Precision via Quantum InterferenceQuantum

Optical Fibers

Electronics with Laser Unit

Ellmeier et al., 2023
Amtmann et al., 2024
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Optical instead of soft-magnetic zero detection

— Offers higher sensitivities compared to fluxgates

— Closely related to Coherent Population Trapping (CPT) as

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

used in the optical scalar instrument

STC

LCS

I LIA oser R

electric

ground

support
equipment
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Prototype Results - Sensitivity

. : 102 — FGM
Baseline design: two parallel beams —— Con-B circ.
—— Con-B lin,
1 Hz pencormance: 05-25 pT/\/HZ Lot ket et cedadebededebddddennnn. 6 P HZ .

B 1 mHz performance: < 15 pT/VHz

Magnetic field noise [pT/VHz]

12.5 pT/VHz
100':
Already outperforming fluxgates 05 pTivHz
Triaxial < 1 pT/NHz @ 1Hz feasible vo-t — PR PP P
1073 1072 1071 10° 101

Frequency [Hz]
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Specific Mass Spectrometry

Solar Wind

Recent discovery of Lithium in Mercury’s space .
environment

Detecting weaker ion cyclotron waves

Separating of isotopes

MESSENGER

Phosphates observed by the Cassini's Cosmic Dust Schmid, D., Lammer, H., Berezhnoy, A.A. et al. Detection of
lithium in the exosphere of Mercury. Nat Commun 16, 6205
Analyzer (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

L (5123 path of Orbiter_ _ _
No successful penetrator missions to date 2 P e
ESA plans a penetrator mission to Mars or Europa E‘;*\ /,,..f..:-:---f---'---w»m}
Science should include — astrobiology and seismology payloads \\%}x gl (©) "~---...{%3<§o,,)
25,0009 deceleration forces i 2o,
Could this be a good application of photonic integrated circuits? c%&/
A

Part _2: MarsP shape26042018 v3.ab MACH. 4(1)
0.57 0.88 1.15 1.44

(a)mmmm——T T — ()
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Imaging a Black Hole from Space

Messier 87*
M87* from ground [EHT] M87* simulated 557GHz

Event Horizon Telescope: Ouir first view of a black hole
from Earth based telescopes.

v \J- Advantage of imaging from space:

* Larger baseline
* No atmosphere (attenuation at higher frequencies)

Orbits and Baselines

2 small satellites in polar MEOs
(7,000 km)

Challenges of a space mission: B S ey
Detection >500GHz to improve angular resolution 1 |

LO exchanged between platforms high a frequency as possible
Data exchange between platforms in the order of 100-200Gbps
Range to 10 um and Range-Rate to 1 nm/s between satellites
Satellite position to within a 0.1mm 3D baseline determination

Bmax=25,000 km

Minimum baseline of Maximum baseline of

M. Mertin-Neira, V. Kudriashov. Local Oscillator Concept for the Event Horizon Imager. Journal of s =02 e = 2m 000
Astronomical Instrumentation, Vol. 11, No. 3 (2022) 2250013 17
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Challenges for photonics in space

Space environment

» Radiation
* Vacuum
* Thermal
« Lifetime

» Long storage prior to launch

* Mechanical loads during launch

Programmatic and industrial challenges Technical challenges

« Heavy reliance on commercial parts » Performance (wavelength, speed, power, losses...)
(limited offer in terms of HiRel parts) «  Temperature ranges (e.g. -55°C to +125 °C)

* Limited support for small volume markets - Thermal management (no convection in vacuum)

- Limited access to test and reliability data . Assembly and packaging (hermeticity!)

« Stability of the supply chain - Reliability and quality

« Rapid process changes - repeatability of parts quality
« Long development timescale for missions
— uncertain long term availability of parts 18
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Technology Harmonisation at ESA

Ensure that the right technology,
at the right maturity level,
is available at the right time

@esa

TECNET

ESA Experts
ESA Competence Domains
ESA Programmes

Right technology
at right maturity
at right time

Obijectives of Space Technology

Development “ e | Cosa 88
. . hESY =, «?‘ZONQe";\"\O Lot
» Future Missions (_, R "x‘ s
N SN ST \‘\‘ Mafketr Minimisi

» Competitiveness of European Industry " THAG i Jnnecessary

. . . \ TechnlgyHormanist < o duplications
» Fostering innovation National / o, oy e

Agencies &":::ﬂ&
» Critical Space Technology Independence /
nstitutes

» Technology Transfer: Spin-in & Spin-out  \*" Optimising

Public Funding
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Harmonisation Outputs

N @Gesa
TS A— JE——
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https://technology.esa.int/page/harmonisation

Technical
Dossiers
(TD)

°* [l
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E- &
—4 | Roadmaps

(RM)

LIDAR, Photonics and Optical Communications technology harmonisation

N
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N
~
~
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—
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process will take place over the coming 2026-2027 time frame.

2 5 YEARS OF HARMONISATION
4 8 SPACE TECHNOLOGY
HARMONISATION TOPICS
-~ 1 0 TOPICS/YEAR
3 0 = (OUNTRIES INVOLVED

EUROPEAN SPACE ENTITIES
1 0 0 0 < NVOLVED THROUGH OPEN
1 (ONSULTATIONS

Harmonisation \
Tracking \

ALY/
System ol o
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https://technology.esa.int/page/harmonisation

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 irrspace

e Space 1S hard but worth |
g it. We W111 persevere and | \
move forward together 'r,fr .

“ Rlchard Branson

@oauoioncy  «
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Picture courtesy of Deeplight SA
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2025/2026 ESA Photonic Related Events esa

Upcoming:

9th Annual ScyLight Conference = Annual SCYnght conference
June 2026, Tenerife, Spain / |
https://atpi.eventsair.com/scylight-2026/ June 2026 | Tenerife I Spaln

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/ ’é—

16t ICSO International Conference on Space Optics 2026
12t -16!" October 2026, Serrento, Italy

https://atpi.eventsair.com/icso-2026/
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Thank you!

7

‘/xﬁtfpgjlicommercialisation.esa.intl
' ESA Open for Business
https://www.esa.int/About_Us/Business_with_ESA/esa-star_open_for_busine

Open Space Innovation Platform _
https://www.esa.int/Enabling_Support/Preparing_for_the_Future/Discovery_and_Prepara

féf‘Es%zs;omm

Iisation Gateway *

https://www.cosmos.esa.int/web/voyage-2050/white-papers /L//x// & "
Secure and Laser communication technology Program (Scylight)
https://artes.esa.int/scylight
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