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PhD student supervisors

Prof. Kai Bongs (University of Birmingham)                        
Director of Innovation - College for Engineering and Innovation; PI of the UK National Quantum 
Technology Hub in Sensors and Timing 

Dr. Tristan Valenzuela (STFC/RAL)                    
Head of Quantum Sensors Group at RAL-Space Department 

Dr. Pawel Majewski (STFC/RAL)                       
Dark Matter Group Leader at Particle Physics Department 
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Fundamental science challenges

From : https://stfc.ukri.org/research/science-challenges/
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Ultra-sensitive measurements with atomic clocks

Offers powerful new approach for particle physics beyond conventional 
particles detectors and colliders.

From table-top to hyper-large experiment 
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UK QTFP consortium

QTFP consortium consists of 32 UK and 7 international institutions.

First Quantum Sensors For Fundamental Physics Community 
Workshop, Oxford October 2018 with 140 scientists from STFC and 
EPSRC research councils.
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UK QTFP consortium
AION project

RAL responsibilities:

● Design of 10 m long interferometer (TD) 
● Design of the magnetic shield (PPD)
● Establish Sr-lab to support AION programme 

(RAL-Space)
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Atom interferometry

Conceptually based on Mach - 

Zehnder interferometer and rely on 

light-pulse atom-optical elements

 https://indico.cern.ch/event/760005/contributions/3152410/attachments/1734791/2806986/AI-Fundamental-hogan-final.pdf

(More details later from Tristan’s slides)  
The phase difference is readout by measuring the the atom 
populations in the interferometer outputs 

Phase 
shift Δ𝝓

Intensity ~ eiΔ𝝓
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An Atom Interferometer Observatory and Network (AION)   
for the exploration of Ultra-Light Dark Matter 

And Gravitational Waves

 
AION project programme

● Design of 10 m long atom 
interferometer 2021-2023

● Construction and exploitation at 
Oxford planned 2023-2027

● Design/construction/exploitation of 
100 m long atom interferometer 
possibly at Boulby mine  

● Design/construction/exploitation of   
1 km long atom interferometer 
possibly at Boulby mine  

This will be the first large-scale atom interferometer in the UK. 8



Collaboration with MAGIS-100 project in the US

MAGIS will be the world’s largest atom 
interferometer and push the boundaries of how 
far an atom can be driven apart from itself. 

Design based on 10 m long interferometer 
at the University of Stanford. 
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Atom interferometer for Ultra Light Dark Matter Searches 
and Gravitational Waves Observation

Axions WIMP

Field like interactions  

New detectors are 
needed to detect 
coherent effects of the 
entire field 

Particle like interactions

Traditional scattering particle 
detectors in use; i.e. LZ for 
WIMPs

From : https://indico.cern.ch/event/610112/contributions/2570059/attachments/1456873/2248556/Pheno.pdf

Magnitude of contribution to phase shift : Δ𝝓 ~ ωA(2L/c) 
Detection of the gravitational waves: 𝛅L=hL (variation of baseline)
Detection of ultra light dark matter: 𝛅ωA (variation of atom transition frequency)
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The future is quantum !

11


