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Date: 11 June 2018 
 

Quantum Sensors for Fundamental Physics and Society 
 
Dear Ian, 
 
Thank you for sharing your proposal with us for the co-ordinated focus of quantum technologies for 
investigations in fundamental physics, and their exciting potential for new discoveries and resulting 
industrial applications.  I want to express our support to be part of the consortium developing the proposal 
further to be a submission into a future strategic priorities fund call and, if successful, our interest in being 
part of the delivery team beyond that. 
 
The UK’s National Physical Laboratory is one of the leading National Measurement Institutes in the world, 
representing the UK on international bodies creating new standards and regulations, and leading world-class 
research into measurement science and technology. NPL has a strong history in quantum science, and is 
continuing to grow its capability in this area to support the UK national programme and to develop new 
technologies which can feed into a commercialisation process. 
 
In 2015 NPL established its Quantum Metrology Institute with the aim to:  

x Link to UK national programme to develop and commercialise quantum technologies 
x Establish and share key facilities for the test and validation of quantum technologies 
x Develop the technical basis for future standards for quantum technologies 
x Develop UK skills and expertise in quantum technologies 
x Develop new technologies, instrumentation and products 
x Develop the quantum SI (post 2018 redefinition) 

 
With specific reference to this proposal, NPL’s Quantum Metrology Institute (QMI) has extensive capability 
in quantum sensors, ultra-stable lasers, ion and atom trapping for microwave and optical atomic clocks and 
their application to fundamental physics [1, 2]. QMI scientists also have a well-developed capability in using 
SQUIDs as quantum detectors for single particles. Metrology for superconducting qubits and cryogenic high 
Q microwave resonators is another area where NPL is highly experienced.  
 
All these areas, and possibly others across the wide range of NPL capability, could have a bearing on the 
objectives of your proposal and we are interested in participating in the various workshops and other 
activities you propose to build an exciting programme of work. 
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Professor	Ian	Shipsey	
Head	of	Particle	Physics	
University	of	Oxford	
Denys	Wilkinson	Building	
Keeble	Road	
Oxford		

	

Date:	11-May-2018	
 
RAL Space Letter of Support for Strategic Priorities Fund proposal – Quantum Sensors for 
Fundamental Physics and Society 
 

Dear Ian 

I am writing to express my support for the proposed activity ‘Quantum Sensors for Fundamental Physics 
and Society’.  RAL Space, a department of STFC, is the UK’s National Laboratory to advance the 
exploration of space and the environment for the benefit of humanity. Quantum technologies will provide 
pioneering space breakthroughs in our ability to monitor our changing planet, communicate securely and 
cope with enormous quantities of data that are already overwhelming present technology.   

I believe your proposal, to harness the potential of quantum technology to conduct experiments in 
fundamental physics, will support RAL Space in achieving its mission as part of the UK’s flourishing space 
sector, expected to grow to £40bn pa by 2030.  Ensuring that our academics and knowledge leaders are 
investing their time in new science which has a strong link into making new observations from space (both 
Earth and sky pointing), will ensure we continue to be internationally leading in our chosen fields and 
increase our competitiveness in securing new earth observation, physics and astronomy based missions. 
This will also have knock on benefits for our industrial collaborators, who will be able exploit the science 
through leading roles in new missions, technology exploitation and services of the future, not to mention 
the sheer excitement and societal impact of making new discoveries. 

As a result of these impacts and opportunities resulting from your proposed activity, RAL Space, a 
department of STFC, are interested in supporting and actively participating in this proposal.   

Therefore, we would be interested in providing in-kind contributions of time and effort up to the value of 
£3k to allow our quantum leads to attend some of your meeting. We would also be happy to host one of the 
workshops or project meetings at RAL Space and provide catering (equivalent to several hundred pounds) 
at the Harwell Space Cluster, the UKs gateway to space. 

In terms of the outputs of this proposal, you should be aware that RAL Space is in the process of 
establishing the UKs first Quantum Space Laboratory, in collaboration with several stakeholders including 
the European Space Agency (ESA) and the UK Space Agency (UKSA).  The aim of the QSL is to rapidly 
accelerate the development and qualification of quantum technologies for use in a space environment. RAL 
Space is well placed to deliver this role to the academic and industrial communities, given its 50yr+ history 
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Axion Dark-Matter Experiment 

 
 
June 07, 2018 
 
From: Dr. Gianpaolo Carosi, ADMX co-Spokesperson, carosi2@llnl.gov 

Dr. Gray Ryaka, ADMX co-Spokesperson, grybka@uw.edu 
 
To: Proposal Review Committee 
 
Re:  Prof. Edward Daw’s proposal for testing for resonant feedback with ADMX 
 
 
Dear: Sir/Madam, 

This letter is in support of Dr Daw's proposal to conduct a test of the resonant feedback 
idea using the ADMX axion search apparatus. The test would be carried out in the period 
between July 2018 and December 2019 as part of Daw's more general program of 
development of the resonant feedback idea. As Co-Spokesmen of ADMX we are enthusiastic 
about exploring how this R&D could increase ADMX’s ability to discover axion dark matter.  

Prof. Daw is a member in good standing of the ADMX collaboration and an author on our 
recent ground-breaking paper probing dark matter DFSZ axions for the first time. Daw's 
resonant feedback idea represents one possibility for a future direction for the ADMX 
detector, particularly as it offers the possibility of increased coverage of the range of 
possible axion masses, a more rapid coverage of this mass range, and simplified cryogenic 
apparatus. Verification that resonances can be generated in the existing ADMX 
infrastructure is a natural test to conduct. We are fully supportive of these tests and will 
work with Dr. Daw and his team to integrate these tests into our existing commissioning 
and run plans over the time period alluded to above. 

Best Regards: 
 
Gianpaolo Carosi, Lawrence Livermore National Laboratory 

 
Gray Rybka, University of Washington 
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A U.S. Department of Energy laboratory managed by UChicago Argonne, LLC 

 
To:   UK Research and Innovation 
         Polaris House 
         Swindon 
         SN2 1FL 
Re:   Quantum Sensors for Fundamental Physics and Society 

 June 10, 2018 
 
 
The High Energy Physics Division of Argonne National Laboratory is pleased to learn about the 
proposal to UKRI to form a science consortium to explore Quantum Sensors for Fundamental 
Physics and Society. The Office of High Energy Physics has made Quantum Information 
Technology a key research topic. A recent US workshop and report for the DOE and the American 
Physical Society (https://arxiv.org/pdf/1803.11306.pdf), co-led by the signatory and the principal 
investigator of the proposal, articulated the case for a quantum sensors program for high energy 
physics. Our division has a keen interest in this science and fully support the scoping proposal on 
Quantum Sensors for Fundamental Physics and Society that will facilitate the creation of a 
consortium to develop a full proposal for the Strategy Priorities Fund. We very much look forward 
toward building a strong collaborative effort between the UK institutions and Argonne National 
Laboratory in this area.  
 
 
      Sincerely,  
 
       
    

 
Marcel Demarteau  
Director High Energy Physics Division  
Argonne National Laboratory  

Marcel Demarteau 
 
Division Director  
High Energy Physics Division 
Argonne National Laboratory 
9700 South Cass Avenue, Bldg. 362 
Argonne, IL 60439 
 
Phone:  1-630-252-5130  
Email:  demarteau@anl.gov  
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Fermi National Accelerator Laboratory

Managed by Fermi Research Alliance, LLC for the U.S. Department of Energy Office of Science                                                                                 www.fnal.gov

 

 
 

                  11 June, 2018  
To: United Kingdom Research and Innovation 
 
Re: Proposal  
“Quantum Sensors for Fundamental Physics and Society” 
 
Dear David, 
 
Fermi National Accelerator Laboratory is pleased to support the scoping proposal 
entitled “Quantum Sensors for Fundamental Physics and Society”, Principal 
Investigator Ian Shipsey, that will facilitate the creation of a consortium to develop a 
proposal for the Strategy Priorities Fund. 
 
 
Sincerely, 

 
Joseph Lykken           
Deputy Director for Research, Chief Research Officer 

Joseph Lykken 
Deputy Director/Chief Research Officer 
 
Office of the Director 
P.O. Box 500, MS 105 
Kirk Road and Pine Street 
Batavia, Illinois 60510-5011 USA 
Office: 630.840.8422 
lykken@fnal.gov 
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Partners:

Mystery: Mystery:	Dark	Matter	

4/5
7

Institutions: Aberdeen Birmingham Bristol Brunel Cambridge 

Cardiff Durham  Edinburgh Glasgow Imperial KCL Liverpool 

Manchester Nottingham Open Oxford QMUL QUB RAL RHUL 

Sheffield Soton Strathclyde Sussex Swansea UCL Warwick +….

Ian Shipsey, Oxford
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BUILDING AN UNDERSTANDING OF THE UNIVERSE:
A WORK A CENTURY IN THE MAKING

Through careful measurement, 
observation and deduction 
we have developed remarkably 
successful prevailing theories the 
Standard Models of particle physics 
and cosmology that are highly predictive 
and have been rigorously tested in some 
cases to 1 part in 10 billion
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THE POTENTIAL NOW EXISTS TO REVOLUTIONIZE 
OUR KNOWLDEGE AGAIN

3
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Mystery: Mystery:	Dark	Matter	
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Mystery:	Dark	Energy	

• The	accelerating	expansion	of	
the	universe	(2011	Nobel)

• What	is	dark	energy?	

We	don’t	know… What	we	know:	just	the	

tip	of	the	iceberg.
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Mystery:	how	did	matter	survive	the	
birth	of	the	universe?		

• The	accelerating	expansion	of	
the	universe	(2011	Nobel)

• What	is	dark	energy?	
We	don’t	know…

What	we	know:	just	the	
tip	of	the	iceberg.

beginning of the Universe

1,000,000,001 1,000,000,001

matter anti-matter

1,000,000,000

Matter anti-Matter

The	baryon		asymmetry	of	the	Universe		
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Mystery:	Why	are	there	so	many	types	of		particles?		

Why	do	the	particles
have	such	a	large
range	of	masses?

Why	does	the	pattern
of	particles	repeat	

three	times?	

Why	do	neutrinos	have
mass	at	all	(in	the	
Standard	Model

they	are	massless)?
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Mystery:	What	powered	cosmic	inflation?
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Mystery:  What is gravity?
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We are in a data driven era

6QSFP 2  January 2019-- I. Shipsey 4



5

“Measure what is measureable and 
make measureable what is not so.”

Galileo Galiliei
1564-1642
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General Relativity Quantum MechanicsQSFP 2  January 2019-- I. Shipsey 7



Quantum Sensors for Fundamental Physics 

Why is this good for all the partners?

The exciting science will benefit all the partners involved:  universities, labs  &  hubs

Leverage the current Hubs to bring state of the art sensors to this new application.

There will likely be a tension between performance and “manufacturability” but the Phase II 
Hubs should be able to deliver research to push performance, and additional support for user 
communities from STFC that could feed into and benefit from the Hubs activity

Why is this good match to the SPF?

This is a genuinely new interdisciplinary partnership between STFC EPSRC and other partners 
- so plays well to the UKRI era. 

23



Quantum Sensors Workshop  October 2018  Oxford >140 from EPSRC & STFC  

26



Quantum Sensors for Fundamental Physics and Society- Workshop #1 

The workshop had four goals

#1 To survey the extraordinary science 
opportunities and UK capabilities  
to exploit this science in a world-class programme

#2 To demonstrate to STFC, EPSRC and UKRI the immense interest in the UK in QSFP

#3 To begin to form teams around key experiments that would be funded by QSFP

#4 To work with STFC and EPSRC on the QSFP bid..

27



Quantum Sensors for Fundamental Physics - Next Steps

The submission into SPF wave 2 was made by STFC/EPSRC December 20. This  requests the 
funding to create the QSFP programme (£40M/ 3 years)

Feedback: The QSFP consortium has been essential to demonstrating the interdisciplinary 
interest & formation of a community . Without it there would have been no bid to SPF.

If the SPF bid is successful in gaining the funding for a QSFP programme (Feb 19) an open 
call  will be made to the community ~ March/April 19 with a deadline of ~June 2019

QSFP Opportunities Funding from STFC  was awarded to build a community and consortium 
to prepare for the call. We will support workshops that facilitate the formation of  teams and 
the development of proposals around key experiments that would be funded by QSFP.  

We will also appoint a International Review Board of world-leading experts from outside the 
UK that will review the proposals providing crucial feedback to strengthen them32
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Organised by:
T. Bowcock, 
O. Buchmueller [Coord.], 
J. Coleman, 
J. Ellis [Theory],
I. Shipsey 

First AION Workshop  
at Imperial College London 

March 25/26 2019  

2-Day Workshop:
Day 1: Instrumentation
Day 2: Physics case

If you like to participate or 
require further information 
please contact:
fundamental-physics-admin@imperial.ac.uk
with “AION” in title. 33



Quantum Sensors for Fundamental Physics - Next Steps

Dec. 18  Groups self organised  and produced outline  papers 

There are currently 9 work packages circulated to all in December 

https://indico.cern.ch/event/760005/
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Quantum Sensors for Fundamental Physics and Society- Next Steps

WP1 Using Quantum Technology to Search for Low-mass Particles in the Hidden Sector

WP 2 MaQS Macroscopic quantum superpositions for physics beyond the standard model

WP 3 AION A UK Atom Interferometer Observatory and Network

WP4  Absolute neutrino mass

WP5  Quantum Simulators of Fundamental Physics

WP6  QSNET Networked Quantum Sensors for Fundamental Physics

WP7 Searches for a Fifth Force and Dark Matter using Precision Atomic Spectroscopy
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Quantum Sensors for Fundamental Physics and Society- Next Steps

WP8 Fundamental physics from precision studies of exotic atoms 

WP9 LIST – Lorentz Invariance Space Test

+  developing …………. 
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Quantum Sensors for Fundamental Physics - Next Steps

17 January consortium meeting  to hear presentations from each workpackage, cross-
fertilise, give feedback, merge if required, last chance of any late-breaking new ideas

37
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Quantum Sensors for Fundamental Physics - Next Steps

End March 2018  Draft workpackages due for review  by IRB

End April  2018  Final  workpackages due for review by IRB, formal costings initiated

We don’t yet know the terms of the funding call,  it is possible the value of individual 
proposals may be capped. In that event work packages would go into the bid as standalone 
proposals

If there is no cap, we have the option to submit as a consortium.
In which case a group of volunteers will be charged with developing wider aspects of 
proposal including metadata & coordinating with STFC/EPSRC towards submission

Either way in May consortium meeting to review/sign off the proposal(s)  

Mid- June  proposal(s)  submission 41



Summary

In the US the QSFP interface area acts as a major attractor for creative, original
young experimentalists and theorists. We believe this will be true in the UK as
well. The programme will be world-leading, and highly complementary to the
US programme and those of other nations

In this competitive area it is important to quickly develop the community that
can launch the proposed programme. To do this expeditiously it will build on
expertise, selected existing activities within the UK and exploitation of
existing resources.

As the EPSRC, STFC and Space communities come together, and working with

the quantum hubs, we anticipate entirely new and exciting science will emerge.
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Instrumentation: The Great Enabler  

43

“New directions in science are launched by new 
tools much more often than by new concepts.

The effect of a concept-driven revolution is to 
explain old things in new ways. The effect of a 
tool-driven revolution is to discover new things 
that have to be explained”

Freeman Dyson
QSFP 2  January 2019-- I. Shipsey


