
Prof Mike Dunne
mike.dunne@stfc.ac.uk



Perspectives
Current facilities
• PETAL, UK facilities, etc
• Development (technology), exploitation (access), science (theory/modelling)
• Use of national funds for specific projects, experiments and exchanges

Future facility projects
• HiPER, ELI, ...
• Design;  demonstration / prototyping;  construction
• Project funds;  future joint approach?

With thanks for slides from:
• The HiPER team (www.hiper-laser.org)
• Ed Moses (Director, NIF)
• Joe Kilkenny (VP, General Atomics)



• Facilities
• Synchrotrons
• Neutron Scattering
• Lasers, FELs
• Computing
• Telescopes

• Accelerator Science
• Particle Physics
• Space Physics
• Nuclear Physics, …
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UK Flagship 2002-2008:  Vulcan facility



UK Flagship 2008-2013: Astra-Gemini facility

• Dual Beam Petawatt Upgrade of Astra (factor 40 power u pgrade)
• 1022 W/cm 2 on target irradiation
• 1 shot every 20 seconds
• Opened by the UK Science Minister (Ian Pearson MP)  De c 07

Ian Pearson, MP
Minister of State for Science and 
Innovation , Dec 2007



The next step: Vulcan 10 PW (>10 23 W/cm2)
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www.hiper-laser.org



Could we use it to power our 
civilization



The fusion era is dawning …

• Commitment to fusion via ITER, NIF, LMJ (multi-$B investment)
• Demonstration of net energy production from laser fusion 

predicted within ~ 3 years
• These are fundamental step-changes in our field
• Clear implications for our science and energy progr ammes

• A strategic way forward in Europe is now establishe d

NIF ITER



Full Bleed of Laser Bay

NIF-0506-11956

NIF:
Demonstration of

ignition



Next step (after fusion ignition)

HiPER: Top-level goals:

• Fully capitalise on the science of extreme conditions

• Credible path for future exploitation of laser fusion energy

Defining features of HiPER:

• Higher repetition rate [new technology needed]

• Reduced tolerances on laser, target specifications

• International, collaborative approach
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High average power lasers

Fundamental to the success of HiPER:

• Development of � 10kW (ns and ps pulsed) lasers

• Significant projects currently at the kW level

• Seek overlap with industrial solutions

• Currently assessing most attractive future laser design

Target area requirements

• High repetition pellet manufacture

• Target injection, tracking and engagement

• Materials for harsh environment

• Fusion technology
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‘Fast Ignition’ route to efficient fusion
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A multi-national partnership

Project partners (at the national agency level):

UK, France, Czech Republic , Spain, Italy , Greece,

European Commission (FP7)

Other partners (at the institutional level):

Germany, Poland, Portugal, Russia

International links:

Japan, USA, China, Republic of Korea, Canada

26 partner institutions



The 26 European Partners

• Funding Agency involvement by 9 partners
– STFC (UK)
– CEA,  CNRS and  CRA (France)
– MSMT (Czech Republic)
– GSRT (Greece)
– MEC and CAM (through UPM) (Spain)
– ENEA and CNR (Italy)

• Institutional involvement by 17 other partners
– IST Lisbon (Portugal)
– CNSIM (Italy)
– TEI,  TUC (Greece)
– IOP-PALS (Czech Republic)
– IPPLM (Poland)
– FVB,  FSU Jena,  GSI,  TUD (Germany)
– Lebedev Physical Institute, (Russia)

Institute of Applied Physics-RAS 
– Imperial College London,  (UK)

Universities of York, Oxford,
Strathclyde, Queens Belfast 



Signing Ceremony

The HiPER Consortium Agreements 
were signed in September 2008



Timeline for HiPER

• 2-year conceptual design phase (2005,6)

• Included on European roadmap  (Oct 06)

• UK endorsement – coordinators (Jan 07)

• Preparatory Phase Project (2008 – 2011)

• Demonstrator and Definition (2011-2015?)

• PETAL, DPSSL and facility design

• Construction phase  (2015 – 2020?)



Coordinated path to the next phase

Decisions on next phases based on demonstrable evid ence



2. “Sparkplug” laser
~100kJ, 10ps, 2 wwww

1. Implosion laser
>200 kJ 10ns

Facility conceptual design

3. Parallel development
of IFE building blocks
Target manufacture
High repetition laser
Reactor designs

High repetition rate facility design



Enables a wide array of new science

• Material Properties under Extreme Conditions

• Laboratory Astrophysics

• Nuclear and Atomic Physics

• Neutron Scattering

• Turbulence 

• Radiation transfer and HED physics

• Development of new particle beam sources

• Fundamental strong field science



Potential areas for RF collaboration

• Design of fusion scale facilities

• High average power (>10kW) laser technology

• Mass production targets [underway - LPI]

• Target injection, tracking and engagement

• Fusion engineering, materials and technology (see list)

• Optics development and supply [underway - IAP]

• Fusion target design [underway - LPI]

• Experimental validation and diagnostics (EU & RF facilities)

• Fundamental physics on fusion scale facilities

• Other applications of high energy, high average power lasers

Opportunities through HiPER/PETAL, UK and Laserlab-Europe
(as well as through ELI and other national programmes)



Engineering & Materials challenges

• Remote handling and robotics in harsh environments

• Advanced material science for reactor vessel components

• Radiation hardened electronics

• Li breeding blanket technology

• Structural engineering in harsh environment

• Fluid dynamics (for liquid wall chambers)

• Waste management and tritium extraction

• Automated alignment and component replacement



• Fusion is a 50 year story with multi-B€ investment

• Laser fusion demonstration is imminent (~3 years) 

• A strategic way forward has been proposed, 
centred on a next-generation laser facility

• Now included on national & European roadmaps, 
and funded for the next phase

• Marries together scientific impact with a truly 
compelling long term challenge for our society

• Needs a coordinated, international approach

• Additional links to the RF are warmly welcomed

Conclusions


