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Prediction is very 
difficult, especially 
about the future

Niels Bohr

The future ain't
what it used to be

Yogi Berra





Neutrons are great!
and I mean really great

ESS

PGR, ILL Millennium Symposium, April 2006



ESS@5MW



There are/will be rather a lot of them available
…at least now, specially for UK scientists



Expanding the Frontiers

Source: A.D. Taylor

A wide spectrum of science and technology



Not many weaknesses but some….
specifically for the UK

• Little direct community involvement with sources/instrumentation, e.g., 
compared with our colleague in PP or Astro.  The disengagement with 
ESS is a particularly egregious case…

• The UK neutron community needs to fight ‘one grant at a time’, often 
against UKRI priority areas that seem somewhat disconnected with the 
worldwide landscape (again, compare/contrast with PP/Astro 
consolidated grants).

• #1 challenge – Quantum Materials (SNS-STS) not in strong focus in UK.
• The ‘high-impact’ science base may be narrower than one thinks…



Credit: Stuart Calder, ORNL
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…and more recently…

Magnetic skyrmions

Spin ice/monopoles



185 Clarivate® Highly Cited Papers (top 1%) 2000-2024†

†Excluding ‘neutron’, ‘structure’ and common words
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compounds

Sample state
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Techniques
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Engineering

Quantum Matter 
Quantum Materials

Energy & Environment

Heterogeneities, 
interfaces, 
disorder



“Without neutron scattering, we would know very little…about certain material systems like 
superconductors and magnetic materials” – Efrain Rodriguez, U. Maryland

”SNS-STS…will enable us to discover fundamental properties of materials” – Paul Langan, ORNL

”Understanding materials ‘from the bottom up’” – Adrian Brugger, Columbia U.

”…to remain competitive and world-leading’” – Olivier Delaire, Duke U.

”…broader spectrum of materials…materials science and CMP…new states of matter’” – Stephen Wilson, UCSB

”…Solid-state chemistry… not so large crystals’” – Weiwei Xie, Luisiana State U.

”…Interfaces and heterostructures… predictably design new materials” – Laura Green, Florida State U.

”…Fast time resolution information…minutes or seconds’” – Claire White, Princeton

”…vastly different lengthscales…sub-nm to µm…all in one shot’” – Martin Mourigal, Georgia Tech

Yes, but what about the next 25 years?
Quotes from SNS-STS workshop



Are neutrons coupled with the science of the future?
Science is moving on…

• …from bulk materials to devices (e.g., skyrmions, multiferroics…)

• …from 3D to 2D (VdW heterostructures, twisted graphene)

• …from Q-ω to the time and space domains



YMn2O5

FE devices – BiFeO3

Spherical polarimetry

Ba0.5Sr1.5Mg2Fe12O22
(Y-type hexaferrite)

Crystals and films – BiFeO3

Hexaferrite – THz 
pumping

RbFe(MoO4)2

Example from our group
Magnetoelectric domains in multiferroics



CeRh2As2

Are neutrons coupled with the science of the future?
Results from ERC PE3 Consolidator panel – 11/23

E. Hassinger (MPI – Dresden ) Exotic quantum states by 
locally-broken inversion symmetry in extreme conditions. 

J. Herzen (T.U. Munich) Material Decomposition in X- ray 
Phase-Contrast Imaging with Coherent Sources 

Nicola Poccia (Leibnitz-I – Dresden) 3D Cuprate
Twistronics as a platform for high temperature topological 
superconductivity 

Michael  Sentef (U. Bremen) Cavity quantum materials 

Amir Ariel (Weizmann) Biophysical Models of Bacterial 
Growth 

Basile Gallet (CEA) Physically-Based Ocean Transport 

Yonatan Anahory (Jerusalem) Majorana zero 
mode control and detection platform 

Moshe Ben Shalom (Tel Aviv) Switching Polytypes 
and Symmetries by Discrete vdW Sliding 

Chase Broedersz (Vrjie U. Amsterdam) Learning 
the dynamic statistical folding of bacterial 
chromosomes 

Lev Vidmar – (I. Josef 
Stefan) Boundaries of 
quantum chaos 

Chiara Ciccarelli (Cambridge) 
Picosecond superconductivity-
driven spin-torques 



Many opportunities but no low-hanging fruits
Can neutrons do something in…?

Non-equilibrium many-body 
phases (e.g., time crystals)

Credit: Universität Hamburg

Credit: Yazdani lab, Princeton

‘Twistronics’

Credit: W. Xing et al., PRL 2019Structure & dynamics in 2D magnets

Radically new techniques 
(e.g., Spin Echo in the 1970s)



BIFROST (ESS)

Mushroom (ISIS-Endeavour)

‘Black swan’ instruments
lessons from neutrons...

& synchrotron

I22-RIXS @ DiamondManipulating neutron polarization
(e.g., D3, IN20,  cryopad).



And finally….
A few pearls of wisdom

Work on something that will make money 
or else something that will interest 
theorists

Bell Labs Management
Generals always prepare to fight the 
last war, especially if they had won it.

Georges Clemenceau

Thank you for listening
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