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Why space science missions are pushing technology — and ESA’s role
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Clocks, Time & Frequency
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Clocks: the invisible backbone
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Swiss clocks in orbit — Galileo and ACES esa

*  Rubidium Atomic Frequency Standard (RAFS)
+ Passive Hydrogen Maser (Physical Package)

21/4/2025: ACES
lift off

Space Active
Hydrogen Maser
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Active Hydrogen Maser-Swiss leadership in Ground Clocks @esa

Developed with Swiss industry under ESA GSTP — All-European solution for strategic autonomy.

Backbone clock for ESA Deep Space Stations, VLBI, Galileo Precise Timing Facility, and Timing Labs.

Flagship project: .
Closing key technology gaps
Reducing reliance on non-European sources
Reinforcing Europe’s strategic autonomy
ESA acting as anchore costumer and provide flagship environment for validation
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Next Generations of Clocks-Optical and Quantum based

Eesa

Quantum basis: Mercury ions confined by
electromagnetic field duanti sats:

Breakthrough stability: NASA/JPL Mercury lon Clock in
orbit: < 1 ns drift / 10 days.

NOTE™
Opportunity for Swiss industry: Build on JPL Mercury
lon clock — Mercury lon Clock for Ground and Space
application (on-going activities under ESA GSTP program)

Very' well established in labs and National Metrology
institutes.

Orders of magnitudes better than RF => driving the
redefinition of the second
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Talk of Fabien Droz, Rolex Quantum,

° INDUSTRIAL OPTICAL ATOMIC CLOCK FOR
SCIENCE” : e
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Optical communications
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Optical communications: benefits and system constraints @esa
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Psyche DSOC Demo - First Demonstration of Deep-Space Optical Communication beyond Moon distance
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A stepping stone for future operational missions.
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NASA/JPL infrastructure for PSYCHE demo

Deep-Space Optical Communications ';':.ﬂ::x:: o0y -
(DSOC) 22cmdia. R v
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. Psyche
" Spacecraft -
1064 nm uplink NS (Launch 2022)
Ground Laser Transmitter (GLT) . ~1550 nm downlink
Table Mtn., CA »
1m-OCTL Telescope 4
(5 kW Laser Power)

round Laser Receiver (GLR)
alomar Mtn., CA

-dia. Hale Telescope — i i ESA optical
= T — links in 2025
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DSOC *= ~ ol .
: [ - -
. . . - o . i . - Oct 9 OSA Laser Congress, Vienna, Ausina

—_— Information — Far Planning and Discussion Purposes Only

= Psyche mission - Arizona State University, NASA JPL (launch : October 2023)
= Deep Space Optical Communication (DSOC) terminal hosted on the Psyche spacecraft
= Ground receiver and Ground beacon transmitter in California (Palomar Mtn. and Table Mtn.)

ESA/NASA joint technology demonstration
Objective: Demonstration of Interoperability of Deep Space Optical Communication
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ESA Ground infrastructures for PSYCHE Demo
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Europe’s first Deep Space Optical Communications at Mars distance @esa
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CONOPS of ESA Demonstration . @esa

(2) FLT acquires/Tracks uplink (8) FLT adjusts downlink pointing

(8) FLT points-ahead to GLR

(1) GLT transmits uplink beacon E %>

(6) GLT performs downlink pointing scan

(7) GLT uplinks command to correct pointing

Ground Laser Receiver (GLR)

(4) GLR acquires downlink

(O)\VV/I]

DSOC Mission Operation System
PSYCHE Mission Operation System

...1011000...
HPE Modem
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100 % successful ESA passes with PSYCHE

(8 5Q Camera: Main Window

Video control gy - 5 4
Camera integration time . otk .-
s K3 . SETISS I8y
t Clear video memary o J $ W
SNSPD Camera THEN, e\ )

Stopimaging Save video 100ms : Set ) : J 4 e . ) »
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D ntum communication and deep-sp. xplorat » -
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NSPD arrays for space-based q;
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SINGLE QUANTUM

Excellence in photon detection

Superconducting Nanowire Single Photon Detectors
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Adaptation of Large Telescope for Deep Space Communication @esa

Establishing the necessary provisions and procedures to er;éﬁké Its compatibility GENERAL ATOMICS
/,

Adaptation of the Ground Laser Receiver (GLR) for use with

’

/
‘ , QLlaS
The use of new (.9, ultra-sensitive IR

astronomy, fast transient sources, exoplanet transit studges).

¢ ESA Ground Laser Receiverin qSSyS S

Quantum Space Systems
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System Study for Voyage 2050 — Deep-Space Optical Links Beyond 4.2 AU eSsa

ESA's Space Science Programme up to 2050.
o Cosmic Vision - ESA's Jupiter Icy Moons
Explorer: Ganymede, Callisto and Europa

o Voyage 2050 - a dedicated mission to
other icy moons, especially Titan or
Enceladus in the Saturnian system 17
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Detector technology under mission-driven pressure

v" What science missions are demanding

Larger, high-quality focal plane arrays with performance beyond today’s state-of-the-art
Operation at the limits of noise, stability, radiation, and temperature

Increasing emphasis on compact, low-power, long-lifetime instruments

v~ Technology evolution in response

CMOS image sensors increasingly adopted across science missions— Performance limits still being actively
understood, as previously with CCDs

Infrared focal planes: growing interest in linear-mode APDs (SWIR)— Potential SNR advantage over current market
leaders— On-sky demonstrations and maturation planned in the near term

49
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Swiss-led detector activities: concrete examples esa

40QD APD detector for integrated tracking & data High-performance IlI-V APDs at 1550 nm

S

Objective Objective
Enable compact, cost-efficient ground receivers by Demonstrate next-generation 111-V APDs at 1550 nm with
combining high-rate data reception and optical tracking jmproved bandwidth, noise, and radiation performance over
within a single detector architecture. state-of-the-art InGaAs devices.
+ data)Removal of dedicated tracking sensors and
optics Why it matters
_ * Improves sensitivity and robustness of ground-based

Why it matters _ | optical instruments
* Reduces optical complexity and alignment effort «  Supports long-lifetime science and communication
« Enables simpler, scalable ground stations for infrastructures

science and space links 20
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GSTP E1 Compendia Eesa

GSTP Compendia provide technology development 5
activities considered by ESA priority for implementation /\
in the short / medium timeframe g

AGENCY

STRATEGY

. Prepared every 3 years aligned with (Ms L. X
emen 1
“Develop” Internal R&D coordinated process lead by TEC in e G
Compendia 2022 : - . - :
o cooperation with OPS and Application Directorates . = &\ curopean.
- | R E space c:i:l:: -
Addressing generic space technology needs and S o %
GSTP Element 1 ' Cesa
Develop technology themes

Compendia 2026

Compendia fosters competition and cooperation a'mong,_.
industry and organisations of GSTP Participating States :

Compendia also provide inspiration for tailored industry < . »
driven activities ‘ | H e
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GSTP E1 Develop - Compendia 2026 - 2028 esa

Published on ESA-star: https://esastar-publication.sso.esa.int/news/details/11170

Proposed Duration

Budget (months) Program Current Status

GSTP Proposed in GSTP Element 1
compendium Develop Compendia 2026-2028

Infrared Detector for Next Generation Sounder Instruments 1500k

GSTP Proposed in GSTP Element 1

Detector array for EO Lidar Applications compendium Develop Compendia 2026-2028

Cesa

Campaign for expressing interest through OSIP, to help align conversations ggl;:;eme"t -

between ESA, national delegates, and industry — thanks to those who participated! Compendia 2026 - 2028

@esa Gt Aty Explore  Weip : _b_ .,E ,_.r.).. (_1 {‘)

< :

ideas.esa.int
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GSTP @CM25 Cesa

El Compendia

Generic Technology Areas
Technology Focus —> AL Quantum, Propulsion, Sustainable Space

E1 Specific Areals)

Basic [Cyber]security —> Baseline for ESA missions/industry |
- A competitiveness, basic building blocks £
e - VLEO —> Platform materials, equipment, subsystems, i.e ATOX résist.

Element 1: Dé|op - Serialisation -> APA, ADHA, supply chain for platform & payloads, M-IND

ESA driven developments

EEE component e e
- Critical EEE Technologies —> JTF EEE + EEE fontifuation . ¢ / o -

! ‘\.
'I o

(Work Plan, Frameworks)
~_— Resilience & Security component —* |-
-__Critical non-EEE Technoloaies —* JTF non-EEE — —F

@) - Advanced (Cyber)Security —> Advaﬁi:’éd-ne_gds}a suran :

EEE Sovereignty I Resilience & Security | - M5/ appl. driven dual~use ;échnologieslwﬁte »
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