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A truly global event
Over 320 registered participants 

from 23 countries
in 6 continents

Only Antarctica is missing!  
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https://indico.cern.ch/event/949203/





In a meeting, its nice to see you but 
no pressure to show yourself

If you have a question, you can 
either write it in the Chat window or 
under the Participants tab, raise your 
hand and you will be allowed to talk

If you are not speaking 
please be muted



Domestics

We will do our best to keep to time
We have NOT scheduled coffee breaks (sorry!)
… but there are gaps between the sessions

But if you need to go…

We understand if there are distractions Feel free to take notes PPT &/or PDF slides on Indico site



Welcome to Daresbury Laboratory
- the home of the Cockcroft Institute



A Brief History of Daresbury Laboratory
The Lab was established in 1962 as an 
accelerator lab to host NINA - a 5 GeV electron 
synchrotron for particle physics

Bridgewater Canal, 1761

Birthplace of Lewis Carroll (Alice in Wonderland)



A Brief History of Daresbury Laboratory
The Tower was built in the late 1970s to host a Van der 
Graaff accelerator for nuclear physics

Meanwhile NINA closed down and was replaced by the 
2GeV SRS – an X-ray source for chemistry, physics, 
materials, life sciences, etc



A Brief History of Daresbury Laboratory
The Van der Graaff was closed in 1993 and the building repurposed

The SRS was upgraded and enhanced many times and eventually closed in 
2008 once Diamond was up and running

Sir John Walker won the 
Nobel Prize in Chemistry in 
1997 for solving the structure 
of the F1 ATPase enzyme 
using the SRS

Sir Venki Ramakrishnan won the 
Nobel Prize in Chemistry in 2009 
for his work on the structure and 

function of the Ribosome, also 
making use of the SRS



A Brief History of Daresbury Laboratory
The accelerators on site then shifted from user facilities to test facilities or 
prototypes for accelerator R&D

ALICE – an Energy Recovery Linac – the first in Europe EMMA – A Fixed Field Accelerator – the first of it’s kind



Daresbury Laboratory Today
Our primary test facility now is CLARA – a 50MeV electron linear 
accelerator, soon to be upgraded to 250MeV

CLARA was originally envisaged to be an X-ray Free 
Electron Laser test facility but it’s remit has 
broadened now to also include accelerator science 
and technology research making use of the very 
bright electron beam, often in combination with a 
very high peak power laser
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UK Research and Innovation (UKRI)
The primary government body which 
carries out and funds academic research 
for the UK.

Operating across the whole of the UK with 
a combined budget of more than £8 billion, 
UKRI brings together the seven research 
councils, Innovate UK and Research 
England.

Note: UKRI is responsible for the vast 
majority of the UK funded research on 
COVID-19



Science and Technology Facilities Council
STFC funds and carries out research in particle physics, astronomy, nuclear 
physics, and space science, most of which is undertaken as part of 
international collaborations. 

They also plan, design, construct and operate world-class multidisciplinary 
facilities used by academic and industrial researchers across all areas of 
science and engineering – they operate a number of sites (‘National 
Laboratories’).

STFC is also the UK partner for overseas organisations, such as CERN, ESA, 
and ESO.



Chilbolton Observatory

Boulby Underground Laboratory

Rutherford Appleton Laboratory
You 
are 

here

Astronomy Technology Centre

Daresbury Laboratory / Cockcroft Institute

STFC National Laboratories & Accelerator Institutes

John Adams Institute
(London/Oxford)



STFC User Facilities

In the UK we have Diamond Light Source, ISIS Neutron and Muon Source, and the 
Central Laser Facility. These are all based at Rutherford Appleton Laboratory in 
Oxfordshire



Daresbury Laboratory

Daresbury Laboratory has leadership in Accelerator Science, Scientific and High 
Performance Computing, and Nuclear Physics



Accelerator Science and Technology Centre
• ASTeC is a department of STFC and a partner within the Cockcroft Institute
• All of their staff are based at Daresbury Laboratory and they share the same 

building as other members of the CI
• They are employees of UKRI and funded directly by the government
• They are STFC’s (and so the government’s) centre of excellence in particle 

accelerator research and development



The Cockcroft Institute (2004- )

The de-facto UK centre
for accelerator R&D

World class R&D & leadership in 
conventional RF based systems,
novel methods of acceleration 
and underpinning basic science

& technology

Contributing to construction 
of national & international

accelerator facilities 
enabling PP/NP research 

& light source users

Global challenges in
health, security, energy,

manufacturing & 
environment

Education, Training &
Public Engagement

5 Partners

secondary
applications

primary
applications

Maintain the skills & expertise that 
provides the UK with a broad & 

strong capability in the field

Engage with business & industry
to develop disruptive technologies 

(economic & societal impact)

Align with STFC accelerator strategy 
& ESPP (future colliders & nu beams)

GOALS



Scientific Frontier Facilities

Addressing Global Challenges

Novel Acceleration Techniques

The Strategy of the
Cockcroft Institute

2020-2025
1

3

2
Highest level 
Strategic Areas 
(with % of resources) 

Includes basic
underpinning science
& technology

Includes ASTeC

60%

30%
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Scientific Frontier Facilities

Addressing Global Challenges

Novel Acceleration Techniques

The Strategy of the
Cockcroft Institute

2020-2025
1

3

2 • CLARA R&D/ops 
• X-FEL R&D (UK-XFEL)
• Diamond-II upgrade

• HL-LHC upgrade (PIP-II)
• CLIC/FCC etc.

• ERLs (CBETA/PERLE/EIC?)
• Muon g-2
• ELENA

60%

30%

10%

Light sources

High energy colliders

Low energy rings



Scientific Frontier Facilities

Addressing Global Challenges

Novel Acceleration Techniques

The Strategy of the
Cockcroft Institute

2020-2025
1

3

2
• THz/dielectric
• DWA
• Other structures

• LWFA & laser-solid
• p-PWFA (AWAKE)
• e-PWFA (PPC)
• Hybrid LWFA-PWFA

60%

30%

10%

Novel structures

Plasma accelerators 



Scientific Frontier Facilities

Addressing Global Challenges

Novel Acceleration Techniques

The Strategy of the
Cockcroft Institute

2020-2025
1

3

2
• Radiotherapy
• Cargo Security
• Effluent Treatment
• Space Radiation
• Diagnostics (spin-out)
• Mass Spectrometry

60%

30%

10%

Disruptive technologies



13%

32%

18%

33%

4%

Faculty

ASTeC

Postdocs

Students

Admin

30-35

PEOPLE

Cockcroft Institute Staff & Students (~250)
Faculty/Academics 

STFC Daresbury Lab
Accelerator Staff 

Postdocs

PhD Students
Admin.

75-80

40-50

75-85



1kHz 10 mJ/30fs Ti:Saph
40 TW 10 Hz Ti:Saph &
350 TW 5 Hz Ti:Saph lasers3.5 MeV Compact Linac

Daresbury Laboratory

CLARA/VELA (4-250 MeV) 

RF, Cryo, Diagnostics, Laser & Vacuum labs

SCAPA
7 beamlines

University of Strathclyde

In-house developed labs & facilities

RESOURCES



OUTPUTS ~ 120 papers per year in refereed journals



High Beta (0.86) CavitiesHL-LHC Pre-Series Crab Cryomodule

Muon g-2
Beam Dynamics

Contributions to 
International Facilities ELENA Antiproton Beam 

Transport, Cooling & Diagnostics

ASTeC

Lancaster
Liverpool

Liverpool
Manchester

ASTeC
Lancaster

OUTPUTS



SwissFEL Laser Heater Undulator

Electron Linac
Booster for AWAKE Contributions to 

International Facilities 
CLIC Zero-Power 

Adjustable Dipoles

ASTeC, Strathclyde

Lancaster

ASTeC

650 MHz High-beta cryomodules for PIP-II

31

ASTeC Science Highlights 20163   INTERNATIONAL COLLABORATIONS

For further information contact: ben.shepherd@stfc.ac.uk. 
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2   INTERNATIONAL COLLABORATIONS

SwissFEL is an x-ray Free Electron Laser (FEL) facility 

currently under construction at the Paul Scherrer Institute 

(PSI) near Zurich, Switzerland. It features two separate 

FELs, named Aramis and Athos, to cover the wavelength 

range 0.1-7.0 nm. Under a formal Memorandum of 

Understanding (MoU) between STFC and PSI, ASTeC has 

contributed in a number of different areas in which ASTeC 

scientists have specific expertise.

Laser Heater Undulator

 ASTeC scientists worked with the Technology Department 

at Daresbury to design and construct an undulator (which 

comprises two arrays of alternating polarity permanent 

magnets) for the Laser Heater system. The purpose of this 

system is to manipulate the properties of the electron 

bunches used in the FELs to ensure optimum performance. 

The undulator was constructed in the Engineering 

Technology Centre at Daresbury Laboratory and then 

measured in the Magnet Measurement Laboratory to 

ensure that the magnetic field met the required strength 

and tolerances (see Figure 1). Figure 2 shows a comparison 

between the measured and predicted undulator deflection 

parameter (proportional to the undulator period and on-axis 

magnetic field strength) as a function of the gap between 

the undulator arrays – the agreement is very good.  

The undulator is now installed in SwissFEL (see Figure 3) 

where it awaits commissioning. 

Recent developments in the 
SwissFEL Collaboration

Figure 1: The laser heater undulator being measured at Daresbury. Figure 2: Comparison between the measured and predicted undulator deflection 
parameter (proportional to the undulator period and on-axis magnetic field strength) 
as a function of the gap between the undulator arrays

3   INTERNATIONAL COLLABORATIONS

LESS – Laser Engineered Surface Structures (SEY)

PHIN electron injector redesigned and beam energy ramped by a 1 m 
long TWS   

CI contribution 

PHIN electron injector redesigned and beam energy ramped by a 1 m 
long TWS   

CI contribution 

ASTeC

OUTPUTS

ASTeC



Proton Beam Therapy R&D

Space Radiation Simulation with LWFA

Healthcare, Security, Energy, 
Manufacturing & Environment

3 MeV S-Band Compact Linac

Manchester
Lancaster

ASTeC
Lancaster

ASTeC
Lancaster

Teledyne e2V

Strathclyde

Water Purification

Compact 7 MeV Linac 

• S-band bi-periodic cavity to reduce shielding 
diameter designed for new linac supplier 
 

Waste Water Experiments 

• Series of experiments 
were carried out by 
Oxford University 

• 7 different types of 
waste water exposed to 
electron beam 

• The most effective 
treatment was on 
textile dyeing water. 

Before After 

Environment

Security

Healthcare

OUTPUTS



John Adams Institute 

•A centre of excellence for advanced and 

novel accelerator technology, providing 

expertise, research, development and 

training in accelerator techniques, and 

promoting advanced accelerator 

applications in science and society



JAI: overview 
• Oxford University, Royal Holloway, Imperial College
•
• One of two UK national academic centres of excellence in accelerator 

science, set up 2004
•
• 20 faculty 
• 29 staff 
• 39 PhD students 

• Research projects at: CERN, DESY, KEK, Diamond, ISIS … 
•
• Comprehensive PhD training programme
•



JAI research activities 
•Electron beams: Linear + circular e+e- colliders 
• Diamond Light Source

•Proton beams: High-Luminosity LHC
• Future Circular Collider
• Intense hadron beams

•Particle-beam therapy: Smart linacs for challenging environments
• FLASH therapy

•Plasma-based advanced acceleration techniques

•Beam dynamics, instrumentation, feedback + control, metrology/alignment, RF systems




