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QUANTUM MAGNETOMETERS AS 
SENSORS IN SMALL SATELLITE 
MISSIONS



PURPOSE SKILLS COLLABORATION SUPPLY CHAIN

More satellite 
capabilities

HUMANS BEYOND EARTH

Cleaning space debris

Secure communication

SCIENCE

Orbital servicing and 
manufacturing

IMAGERY

Position 
Navigation timing

Space is essential to the Alliance’s 
capabilities. 
NATO’s  fostering of cooperation 
with industry opens the opportunity 
to rapidly develop quantum 
technology-based space systems.
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SMALL SATELLITES FOR DEFENCE

Small sat e llit e s are  becoming increasingly import ant  in t he  fie ld of de fence . 
Overall, more  t han 6,000 small sat e llit e s, ranging from a few kilogrammes up to 
500 kg have  been launched since  2000 for civil, exploratory, and milit ary 
reasons. 

They offe r several advantages over t e rrest rial capabilit ie s e .g., improved 
sit uat ional awareness, enhanced communicat ion capabilit ie s, and increased 
resilience , usually provided from low Earth orbit , t hat  is up to 2000 km alt it ude . 

They offe r
Short e r Deve lopment  Time
Rapid Refresh and Technology Upgrade  
Increased Training Opportunit ie s  and Process Improvement  
Lower Cost  
Manufacturing at  Scale
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HOW SATELLITE ATTITUDE DETERMINATION WORKS

At t it ude  de t e rminat ion = where  am I point ing? 
(A) Use  two re fe rence  point s, like  st ars, t he  sun, 

t he  horizon, e t c. 
(B) Upload GNSS dat a from the  ground st at ion. 
(C) Use  t he  magne t ic fie ld + Inert ial 

measurement  unit .

High end solut ion: st ar t rackers /  sun sensors
Herit age  solut ion: Inert ial Measurement

Smallest  pot ent ial SWaP-C solut ion: 
Magne tometer
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HERITAGE MAGNETOMETERS

Fluxgat e  Magnetometer

Scalar Helium Magnetometer

Vector Helium Magnetometer

In principle  t hese  are  all 
variat ions on a bar 
magne t  class compass.
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QUANTUM MAGNETOMETERS

Atomic vapour ce ll & Spin Exchange  Relaxat ion Free  (SERF) 
magne tometers

Alkali-vapour magnetometers are  ext ra sensit ive  magnet ic fie ld measurement  devices. 
An alkali-vapor magnetometer polarises a vapour of alkali-metal at oms, (pot assium, 
rubidium, or caesium) inside  a glass ce ll using a circularly-polarised “pump” laser beam.
Spinning atoms have  a magnet ic moment , with north and south magnet ic poles, so an 
out side  magnet ic fie ld will t ilt  t he  axis of spin and cause  it  t o precess like  a spinning t op 
t hat ’s been pushed off t he  vert ical. 
Changes in t he  out side  fie ld’s st rength or direct ion can be  de t ect ed using a probe  laser 
t o repeat edly measure  t he  vapour’s average  spin orient at ion.
The  fundamental sensit ivit y of t he  measurement  depends on:
- t he  number of atoms in t he  sample  
- t he  spin re laxat ion t ime  of t he  polarised atoms.  
Spin re laxat ion is t he  loss of polarisat ion, t he  re turn of t he  populat ion of atoms t o 
random orient at ions, which happens fast e r as atoms collide  with other atoms, or if t he  
ext e rnal magnet ic fie ld varies.

SERF ce lls are  modified (with buffe r gases or coat ings) t o minimise  spin re laxat ion.
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QUANTUM MAGNETOMETERS

Atomic Defect
Opt ical de t ect ion of magnet ic resonance  
t hrough t he  infrared absorpt ion (IR-ODMR) 
of t he  Nit rogen-Vacancy cent re  in diamond 
(NV cent re ). 
The NV cent re is a point  defect  in the lat t ice 
of the diamond which is sensit ive to 
magnet ic f ields and can be read out  
opt ically.
The method is based on excit at ions of NV 
cent res in a diamond sample  using a green 
laser (532 nm) while  a microwave  fie ld is 
applied in paralle l.  By sweeping t he  
microwave  frequency around t he  vicinity of 
t he  zero-fie ld split t ing of t he  ground st at e  
of t he  NV cent res, t he ir spect ral response  
can be  probed. 
At  resonance , t he  absorpt ion of t he  IR 
beam at  1042 nm occurs, and t he  de t ect ed 
laser int ensity at  t he  output  of t he  
diamond is minimal.

(a) NV ensemble , excit ed by 532-nm lase r pulses. 
Long-pass-filt e red fluorescence  is collect ed with 
part  of t he  excit ing light  on a balanced de t ector. 
Microwave  (MW) pulses are  used for NV-spin 
manipulat ion. 

(b) NV-energy-leve l scheme: Manipulat ion of e lect ron 
spin in a t riple t  ground st at e . Spin-st at e -
dependent  fluorescence  allows readout  of t he  
spin st at e . 

(c) Fluorescence  collect ion with parabolic collector 
(simulat ion result s).
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LABORATORYCOTSQUANTUM MAGNETOMETER

Frequency st abilised lase r – 780nm 
(same  wave length as CD burner)

Microfabricat ed atomic 
vapour ce ll

Exte rnal B fie ld coils Polarisat ion sensit ive  
de t ector

Output  signal, frequency 
proport ional t o t ot al fie ld

Ce ll contains t iny amount  of 
Rb metal – Cs and K also work

Laser is t uned to D-line  of alkali 
me tal (shown here  for sodium). This 
excit e s t he  atom into a magne t ically 
sensit ive  st at e . The  magne t ic fie ld 
makes it  oscillat e  (Larmor 
precession), we  de t ect  t his 
opt ically. This frequency is 
proport ional t o t he  t ot al magne t ic 
fie ld with ext reme  precision. This 
allows measurement  of t iny 
(0.0001nT) magne t ic fie lds
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OUR ONE-STOP-SHOP COLLABORATION

Cambridge 
Consultants

Client Research & Lab Programs

Applied Innovation 
Exchange

Capgemini
Ventures

Capgemini
Frog Studios

Capgemini
Research Institute

SCALINGTHOUGHT 
LEADERSHIP 

In-Space Missions
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WHAT IN-SPACE MISSIONS IS PROUD TO DO

What  we  have  & what  we  can do (host ed payloads or dedicat ed sat e llit e )
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IN-SPACE MISSIONS DIGITAL OFFERING

S D LI

INFORMATION
Exp lo it our rich archive  o f 
g eome tric & rad iome tric 

corrected  EO , SAR and  RF 
d ata, o r utilise  our tailo red  
analytics p rod ucts that are  
continually up d ated  with 
d ata from our In-Sp ace  

Dig ital Live  system.

SIMULATION
Deve lop  your ap p lications 
in a simulated  environment 
that is fully rep re sentative  o f 

the  op e rational In-Sp ace  
Dig ital Live  system 

config uration.

DATA
Task the  In-Sp ace  Dig ital 

Live  system to  d e live r time ly 
g eo located  raw or 

p rocessed  EO , SAR and  RF 
d ata to  furthe r your 

ap p lication d eve lop ment

ORBIT
Valid ate , up load  and  

execute  your ap p lication on 
the  live  In-Sp ace  Dig ital Live  
system with the  full sup p ort 
o f our se rvice  d e live ry team
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CAPGEMINI’S CREDENTIALS
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OUR QUANTUM TECHNOLOGY AREAS OF EXPERTISE 

QUANTUM 
COMPUTING

QUANTUM-SAFE 
COMMUNICATION QUANTUM SENSING

 Material science , Drug 
discovery

 Risk modeling & Operat ional 
opt imizat ion

 Machine  learning
 IBM-Q Hub and Broad 

Capgemini analyt ics expert ise

 World-class quantum 
communicat ion labs in Portugal
and Cambridge , UK

 Post -quantum securit y
 Quantum key dist ribut ion
 Quantum int e rne t  applicat ions 

for confident ialit y, access 
cont rol, and consensus 
protocols

 Posit ioning, t iming & navigat ion
 Radar t echnologies
 Earth observat ion 
 St rong engineering expert ise  

and laboratory  at   Cambridge  
Consult ant s



NATO IST-SET-198 | October 2023 14Public © Capgemini 2022. All right s reserved  |

CAPGEMINI’S QUANTUM LAB – THE VALUE ADD 

Facilit ies in Cambridge 
& Port ugal

30+ engineers from 
across Capgemini 

footprint

Domain expert s (Space  
se rvices, Life  sciences, …)

Technological expert s
(Engineering,

opt imizat ion, simulat ion, 
machine  learning …)

 Part nerships 
(IBM, growing 
partner/consort ium 
ecosyst em  and 
universit ies …)

OUR USP
 End to end implementat ion

 Turning theory into business -
bridging the  gap be tween 
research and use  cases 

 One stop shop for 
all quantum 

 Flexibilit y in explorat ion

 Abilit y t o scale  
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CAPGEMINI’S 
QUANTUM LAB 

RESEARCH INTO 
MAGNETOMETRY
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NEXT-GENERATION QUANTUM-ENABLED MAGNETIC SENSING 
WITH THE UNIVERSITY OF STRATHCLYDE

To create a magnetometer that  detects the magnet ic f ield using 
opt ical rotat ion of  the plane of  polarizat ion of  a laser in a 
rubidium vapor

• Experimental setup of quantum sensor based on a rubidium vapor
• Control of  laser f requency 
• Control of  background magnet ic f ield 
• Signal processing, and f iltering out  noise 

Success

Key elements

Challenges

 around x100 sensit ivity improvement  over a convent ional sensor
 Ident ified use  cases for medical imaging and navigat ion 
 Market  opportunity ident ificat ion
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CAPGEMINI’S 
SPACE 

HERITAGE
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WE’VE GOT OVER 35 YEARS OF INTERNATIONAL EXPERIENCE 
WORKING WITH INDUSTRY TO DELIVER SUCCESSFUL SPACE MISSIONS

1980s
COSPAS | SPOT

EGNOS | ISS Planning 
Envisat

1990s

2000s
PLEIADES | Spot  6 & 7

ExoMars |  CSO | 
SARGS Curiosit y 

2010s

2015s
FalconEye  Misseo |  CFOSAT 

MTG 
BEPI-COLOMBO

BIOMASS
Copernicus

Copernicus S2 Data 
Product ion

2020s
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WE COVER THE WHOLE VALUE STREAM FOR SPACE

Cloud comput ing & managed se rvices

Cybersecurit y

Advanced manufacturing & operat ional analyt ics (AI /  ML /  Deep Learning )

Crit ical & 
Complex 
Segment

• MBSE
• AR/VR
• System simulat ion and modelling
• Physical Design & studies: Mechanical, 

Thermal, Elect rical 
• On-board processing

Upst ream; commercial sat e llit e s, launch marke t , inst it ut ional budge t  lines

Midst ream; Spacecraft  ops & in-orbit  management

Downst ream; spacecraft -de rived dat a, applicat ions & se rvices, consumer equipment

• Cont rol cent re
• Mission cent re
• Expert ise  cent re
• Data storage  & processing plat form
• Crit ical GS e lement  (HW/SW)
• Applicat ion management

Space 
segment

Digit al  
manuf act uring

• IoT /  Connect ivity
• Digit al twin
• M-AIT expert ise  & tools dev
• PLM

Digit al 
Plat f orm

• Data exploit at ion plat form
• Scient ific office  expert ise  
• Themat ic & vert icalized services
• Data fusion & analyt ics

Digit al
Service

• Customer experience  & digit al marke t ing
• Go to marke t  support
• Search & Rescue  service

Vert ical ized
services

• Space  int e lligence
• Connected t e rrit ories

End users; B2B/B2C

Common
Digit al   

services

• CRM
• Billing
• ERP project s & services 



capgemini.com

GET THE
FUTURE

YOU WANT
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Capgemini is a global leader in partne ring with companies to t ransform and manage the ir
business by harnessing the power of t echnology. The Group is guided everyday by it s
purpose of unleashing human energy through technology for an inclusive and sust ainable
future . It is a responsible and diverse organizat ion of 325,000 team members in more
than 50 count rie s. With it s st rong 55-year herit age and deep indust ry expert ise ,
Capgemini is t rust ed by it s client s to address the ent ire breadth of the ir business needs,
from st rat e gy and design to operat ions, fue lled by the fast evolving and innovat ive world
of cloud, dat a, AI, connect ivit y, soft ware , digit al engineering and plat forms. The Group
report ed in 2021 global revenues of €18 billion.

About  Capgemini

Get  t he  Future  You Want  | www.capgemini.com

http://www.linkedin.com/company/capgemini
http://www.slideshare.net/capgemini
http://www.twitter.com/capgemini
http://www.youtube.com/capgeminimedia
http://www.facebook.com/capgemini
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