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Emerging Products



Cross Disciplinary Collaboration

For Atom Interferometry, see also: Nature Reviews Physics 1, 731 (2019)

Collaboration with 
Radar Engineers

Collaboration with 
Geophysicists (BGS)

Collaboration with 
Civil Engineers

Collaboration with 
Navigation Experts 

from Industry

Collaboration with 
Neuroscientists

Collaboration with 
Nanofabrication 

Experts

Collaboration with Economists





Example: Commercial Cold Atom Gravity Pathfinder with Rb

Note: 

QUANTUS, ICE, BEC-CAL,… discussed earlier in this workshop



Commercialising Quantum Technologies of the Future
Shaping the future by designing the next generation of quantum technology solutions. Developing 
products and services that utilise the quantum properties of atoms.
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Interest in Space Applications

• Frequency References (Clocks)

• Next generation GNSS

• Telecoms and Sensor synchronisation

• Gravity

• Gravity maps for ground-based navigation 

• Civil Engineering, prospecting

• Earth science (ice sheets, ocean transport, climate change)

• Inertial Sensing

• Acceleration & Rotation → Navigation

• Acceleration → Atmospheric Density → Atmospheric Gravity 
Waves, Space Weather → Precise Orbit Determination

Cold Atom Gravity Explorer (CAGE)

MINAC 
Clock

Teledyne UK Limited Export Uncontrolled

• Benefits: 
• High sensitivity
• Absolute measurement - low drift
• Repeatability – all 87Rb atoms are the same
• No manufacturing variability / wear & tear

CASPA – Cold Atoms on CubeSat



Pathfinder Mission
Cold Atom Technology Pathfinder mission with a science case

• Cold Atom tech has flown on sounding rockets, the ISS, Tiangong 2 but only for 
scientific research and tech demo

• Teledyne e2v want to fly a pathfinder Cold Atom EO mission to study atmospheric 
density with applications in SST, orbit prediction, collision avoidance

• Follow on applications in EO (gravity, atmosphere) / navigation / timing / station-
keeping and adjacent terrestrial applications

Initial mission studies have been performed and look feasible:

CASPA-ADM (Phase 0 Study)

• 16U CubeSat with 1 axis accelerometer

• Potential ESA SCOUT missions

Q-ACE (Phase 0 Study)

• TAS SkimSat with 2 axis accelerometer

• Longer lifetime / higher performance

CASPA Accelerometer (CEOI Flagship Project) 

• Currently building a demonstrator system

• Based on previous 6U CubeSat design and build
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Teledyne e2v are very open for collaborations in 
this area – please get in touch

Image courtesy of 
C.Siemes, TU Delft



Cold Atom Payload Development 11

A Breadboard / Engineering Model of the payload is under 
development with partners University of Birmingham and 
RAL Space.

Funded by UK Space Agency via the Centre for Earth 
Observation Instrumentation (CEOI)

Laser System Development
Credit: University of Birmingham; “Optical frequency 
generation using fiber Bragg grating filters for 
applications in portable quantum sensing” – C. D. 
Macrae

Seed Laser Module
Credit: RAL Space

Physics Package and Magnetic Shield
Credit: Teledyne e2v

(2D MOT Cold Quanta)

Teledyne UK Limited Export Uncontrolled

Atom Chip
Credit: RAL Space



Example: Laser Developments for Sr



Cubic cavity as Clock Control Unit (CCU) for auxiliary laser 

stabilisation in cold atom Sr space clock (ESA TRP/ GSTP)

NPL-patented cubic optical cavity operated in dual axis mode (DACC)

Cubic cavity stabilised to 698 nm Sr lattice clock laser on 1 axis.

Auxiliary lasers stabilised to cubic cavity on 2nd axis:

• 461 nm primary cooling (frequency-doubled 922 nm)

• 689 nm (2nd-stage cooling to K temperatures)

• 813 nm optical lattice laser

• 679 nm, 707 nm repumper lasers

Cavity chamber & opto-

electronics unit

Cubic cavity demonstrated TRL 6 in ESA OSRC GSTP project

Strontium optical lattice 

clock energy levels



© Institute of Photonics, University of Strathclyde, 2021

Sub-kHz linewidth VECSELs

Project Lead: Jennifer Hastie, University of Strathclyde

Narrow linewidth, very low noise performance

• >150 mW output power at 674, 689, 698 nm

• TEM00, M2 < 1.1, wavelength stability < 0.1%

• RIN = -153 dBc/Hz at 10 kHz

• Linewidth <200 Hz with no pedestal (beat note) 

• Phase noise <-130 dBc/Hz from 10 kHz – 15 MHz

• Compact blue diode-pumping demonstrated for 
integrated pump

• Much reduced requirement for optical isolator

Moriya et al., Opt. Exp. 28, 11, 15943 (2020)

Moriya et al., Opt. Exp. 29, 3, 3258 (2021) Contact: jennifer.hastie@strath.ac.uk



© Institute of Photonics, University of Strathclyde, 2021

VECSEL and ECDL quantum system comparison

✓ High output power → no amplifier

✓ TEM00, M2 < 1.1 
→ no external beam shaping

✓ Intracavity frequency conversion 
→ no external frequency conversion

✓ Reduced sensitivity to feedback 
→ compact or no isolator

✓ Low correction bandwidth

Reduced complexity, leading to reduced ‘SWaP-C’ (size, weight, and power – and cost):

Simplification based on current QT systems.

Contact: jennifer.hastie@strath.ac.uk
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Diode-pumping of Ti:Sapphire

UK EPSRC project: EP/T014288/1

Project leads: Jennifer Hastie and Alan Kemp, University of Strathclyde

• Replace conventional pump lasers with diode lasers

• Watt-class narrow linewidth / ultrafast Ti:Sapphire with lower £/W

Advantages and Challenges of Diode-Laser Pumping

• Much smaller and cheaper

• Very robust

• Similar powers

• But lower spatial quality pump beam

• Challenge is system efficiency

Cold Atom Related Target – Lasers for Clocks:

• ~1 W, <1 MHz at 813 nm from a smaller, cheaper Ti:sapphire laser
Contacts:    alan.kemp@strath.ac.uk

jennifer.hastie@strath.ac.uk



Thank you for listening


