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Introduction 
Particle Accelerators 
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Hands-On Experience with Electrons 

are , have a very low weight and  
are very mobile 

•  In the atoms the electrons circle the (protons  
and neutrons) which are quite heavy and less mobile 

through friction: 

•  When your shoes rub on the carpet, we are  
collecting electrons, which then can be passed  
on through our hands to a door knob 

•  We receive a small electrical shock, which we can feel 

•  Electrons are 
, the driver of our technical civilization. 

•  Without electrons no telephone, no x ray, no electrical light, ...  

The particle that we all know first hand 

electron 

nucleus 

electron 

electron 
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Electrons  
and Plasma  
in Everyday  
Life... 
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- - - - - - - - 

+ + + + + + + + 

+ + + + + + + + 

Ascending air 
Ice crystals 

Descending        air 
Hail 

- - 
- 

1.  Electrons transport energy to 
ground 

2.  Air becomes hot, explodes à 
thunder 

3.  Air becomes to plasma 
(electrons separated from nuclei) 

4.  Excited electrons emit light 
(flash) 

„Opposites attract“  
à  positive charges 

 attract negative 
 charges (electrons)  

à  Acceleration 

10 million Volt 100 thousand Ampere 

Nature is 
accelerating 
electrons, creating 
plasmas and is 
generating light 
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Triumph of Science 

•  In ancient times thunderstorms were considered as the 
work of gods (“Thor the God of Thunder”). 

how electrons produce flash and 
thunder. 

•  Thunderstorms are pretty impressive, but they are 
uncontrolled and can generate significant damage. 

•  The human tries to 
 (here electrons) since thousands of 

years. 

•  Today we can 
à particle 

accelerators 

•  Particles and particle  beams can be used as extremely 
useful tools today, helping humans. 
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Mankind mastering nature’s laws and forces 



Particle Accelerators 
90 Years of Success 
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Frontier Electron Beams and Directions for New Beams 
Towards ultra-dense, highest brightness electron beams 

of particles 
(MeV – GeV – TeV) 

per bunch  
(1 million – 100 billion) 

 
(1 nm – 1 mm smallest diameter) 

for access to 
ultra-fast science  
(100 nm – 100 µm) 

(1 – 1000) 

Transverse area 

Length of bunch 
(packet) 
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RF Acceleration in Metallic Structures 
From 10 thousand to 100 million Volts per meter of acceleration 

•  Areas with positive and negative charge; free electrons in between. 

•  Free electron (e-) is attracted to the positively charged area (anode) 
and accelerated towards it (“ ) 

•  For a voltage of 10 thousand Volt the electrons gain 10.000 
 

•  Higher energies  
with 

: 

- + 
e- 

10.000 Volt 

Sketch Padamse, Tigner  “Runzelröhre” 
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First RF Linac Setup: PhD Wideröe 1927 in Aachen 
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Where RF accelerators started in practice 

27 pages 
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First RF Linac Setup: PhD Wideröe 1927 in Aachen 
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Where RF accelerators started in practice 

27 pages 



Page 11 

The Situation in 1946 
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20 years after Wideröe’s sketch 

Glass vacuum chamber of the 1947 General Electric 
Synchrotron Accelerator (70 MeV = 70 million eV). 
Courtesy BNL and ESRF. 
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Discovery of Synchrotron radiation in 1946 
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General Electric Synchrotron Accelerator 

“We had 
from 

one of the pulse 
transformers.  
When 

of the 
wall he noticed a 
very bright spot of 
light coming from 
the tube on the 
left hand side.” 

Herbert C. Pollock’s 
Notebook from 1946 
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The Story of Science and Espionage 
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1946 at the General Electric Synchrotron 

“From the there were many 
visitors between 1947 and 1949.  

Among them we can count 
  

With other visitors came Klaus Fuchs, the famous 
, clearly capable since none of us in 

the synchrotron room could remember his visit until 
it was documented beyond question by the FBI.  

Another visitor for 20 minutes was 
…” 
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 Synchrotron Radiation 
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Deflected electrons emit photons 

•  If skiers would be invisible: We would 
recognize them in each curve through the 
stirred up snow  

•  Electron emits photons (“Particles of Light”) 

•   Generally: “Bremsstrahlung”. Or more 
precise: “Synchrotron Radiation” 



Page 15 

Today: Discovery Machines and Innovation Drivers 
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For Science, Industry and Society 

•  Today: world-wide operate about 
for 

science, medicine and industry 

•  Most accelerators are used for 
applications 

•  Accelerators produced 

.  

•  Accelerators help saving lifes and 
.  

Physics: 
Cyclotron 

Physics: 
Stochastic 

Cooling 

Physics: Higgs particle 

Chemistry: ribosoms 
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Probing for New Particles and Forces 
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Fundamental Research Particle Physics 

Higgs 
Seminar 
4.7. 
2012 

LHC at CERN as a 

Protons at 

à
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Producing X Rays for Inspection 
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Industry and Security 

X-Ray radiography – Cargo inspection with a 
 

Varian (USA) Nuctech (China) 

Electrons at  
6 million 

Electron Volt 
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Irradiating and Destroying Tumor Cells 
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Medicine and Health 

Heidelberg Ion-Beam 
Therapy Center (HIT) 

Varian TrueBeam STx Linac with BrailLab ExacTrac system 
at University Hospital Düsseldorf. 

up to 12 million 
electron Volt 
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1900 2000 future 

you 
are 

here 

Lab-Based X-ray Sources Synchrotron radiation 
from accelerators 

X-Ray Laser accelerators 
+ High Brilliance SR accelerators 

Locally Ordered Structures, Nonequilibrium 
Phenomena, Transient States  

Era of Complex Matter Era of Crystalline Matter 
Ordered Structures, Equilibrium 
Phenomena, Phase Diagrams 

Producing Light and Filming Molecular Movies  
Fundamental Research Physics, Structural Biology, Chemistry, Material Science 
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Germany 
Today 
Accelerator-Based 
Photon Science 
Research Affecting 
Everyday Life 
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Germany 
Today 
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Accelerator-Based 
Photon Science 
Research Affecting 
Everyday Life 

Mobile Phone 
SAW Structures 

Air Bag 
Accelaration Sensors 
MEMS 

Cosmetics 
TiO2 Nanoparticle     

GMR Read Head 
Magnetic  
Multilayers 

Bike Frame 
Carbon Fibres 
Composite Materials 

Digital Camera 
CCD Chip 

Intelligent Credit Card 
Integrated Circuits 

LED Display 
Photonic Materials 

GPS Navigation 
Functional Materials 

Glasses and Coatings 
Optical Materials 
UV Filter 

Artificial Lens 
Biocompatible 
Polymers 

Artificial Hips 
Biocompatible 
Materials 

Exact Time via satellite 
Semiconductíng devices 
Micro-Batteries 

Pace Maker 
Li-Batteries 
New Materials for Energy 

Taylored Materials at Work …. 
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Particle Accelerators at DESY – Excellence in Photon Science 
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From 50 years ago to today… 

•  DESY started as a particle physics laboratory 
•  Several flagship projects in the international race to 

discover new forces and particles. 
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Particle Accelerators at DESY – Excellence in Photon Science 
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From 50 years ago to today (electrons up to 17 billion electron Volt)… 

PETRA III 
2010 

FLASH 
2005 
4,2nm - 45nm 
1,7nm 3rd harm 

P3X Nord 
2015 

P3X Ost 
2015/16 

FLASH II 
2015 
variable gap U 

NanoLab 

CFEL
SCIENCE

DESY 
1962 

EU.XFEL 
2017 

FEL 
1,25 GeV 

SR 
6 GeV FEL 

17,5 GeV 

BUT: 
Progress in Hamburg-based colliders . 
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Slow-down in Energy Increase of Frontier Accelerators 
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Livingston plot leveling off – here our version, giving beam energy versus time 

HiLumi 
Hadron acc. project 

Hadron acc. proposal 

Lepton acc. project 
Lepton acc. proposal 

Advance of new colliders 

on required 
resources ( , 
manpower) and (does it 
fit on site?) 
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Thinking about the Future 
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Can we overcome the limits in size and cost? 

Wouldn‘t it be great to build 
particle accelerators much 

smaller (and more cost-
effective)? 

New discovery 
machine at the 
energy frontier 

Free electron lasers 
in the basement of 

universities 

Cost-effective e- 
irradiation therapy 

facilities 

Accelerators small 
enough to be 

implanted into human 
bodies for in-situ e- 

irradiation 

Accelerators in 
outer space and on 

other planets 

Compact irradiation 
facilities for diagnostics 

and inspection in medicine 
and industry 



Plasma Accelerators 
The Promise for the Future 
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A New Technology Has Been Invented 
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Plasma Accelerators 
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A New Technology Has Been Invented 
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Plasma Accelerators 
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How Does it Work? 
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How to get higher accelerating voltage? 

Surfer gain velocity and energy by riding the water 
wave!  
 
Charged particles gain energy by riding the 
electromagnetic wave! 

 generate light pulses with very large transverse fields: 
 

 
couple fields to our particles! 
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ANGUS Laser Laboratory for Accelerator R&D 
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200 TW Ti-Sa laser, DESY & University Hamburg 
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The Laser Promise: Transverse Electrical Field 
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We can produce every day very high transverse electrical fields 

Ralph Assmann, September 13, 2010

Formulae Plasma

1 Introduction

Here it starts.

Rayleigh length:

zr = ⇤ · r2
0

⇥laser
(1)

r0 = radial spot size at focal point (2)

⇥laser = Wave length of laser (3)

z = Longitudinal coordinate (4)

Radial behavior of laser pulse intensity I:

I(r) = I0 · exp

✓
�2r2

r2
0

◆
(5)

I0 =
2P

⇤r2
0

(6)

r = Radial coordinate (7)

P = Power of laser pulse (8)

Transverse electrical field:

E0 =

r
2 · I0

c �0
(9)

�0 = Dielectric constant (10)

c = Light velocity (11)

Example Parameters:

P = 100 TW (12)

r0 = 10 µm (13)

I0 = 6.4 · 10
19

W/cm
2

(14)

E0 = 22 TV/m (15)
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Formulae Plasma

1 Introduction

Here it starts.

Rayleigh length:

zr = ⇤ · r2
0

⇥laser
(1)

r0 = radial spot size at focal point (2)

⇥laser = Wave length of laser (3)

z = Longitudinal coordinate (4)

Radial behavior of laser pulse intensity I:

I(r) = I0 · exp

✓
�2r2

r2
0

◆
(5)

I0 =
2P

⇤r2
0

(6)

r = Radial coordinate (7)

P = Power of laser pulse (8)

Transverse electrical field:

E0 =

r
2 · I0

c �0
(9)

�0 = Dielectric constant (10)

c = Light velocity (11)

Example Parameters:

P = 100 TW (12)

r0 = 10 µm (13)

I0 = 6.4 · 10
19

W/cm
2

(14)

E0 = 22 TV/m (15)(“LHC energy in 30 cm 
instead of 27 km”) 
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The Plasma Accelerator Concept 
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Overcome high-field limitations of metallic walls with dynamic plasma structures (undestructible) 

New : Wakefields inside a 
homogenous plasma can convert  
 

 into   

Options for driving wakefields: 
•  Lasers:  Industrially available, steep progress, path to low cost 

  Limited energy per drive pulse (up to ) 

•  Electron bunch: Short bunches (need µm) available, need long RF accelerator 
  More energy per drive pulse (up to ) 

•  Proton bunch:  Only long (inefficient) bunches, need very long RF accelerator 
  Maximum energy per drive pulse (up to ) 

Pondero-
motive force 

of a laser 

Space charge 
force of a 
charged 

particle bunch 
(e-, p+) 

or 
Accelerating gradients 

of 10 GeV/m to  
1,000 GeV/m 

Courtesy M. Kaluza 
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Plasma Acceleration 
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Internal injection 

Works the same way with an . 
But then usually lower plasma density.  Ponderomotive force of 
laser is then replaced with space charge force of electrons on 
plasma electrons (repelling).  

Like wakes left behind 
by a boat in water 
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Plasma Acceleration 
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Internal injection 
 

Like wakes left behind 
by a boat in water 
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Plasma Acceleration 
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Internal injection à strong fields in the bubble suck in plasma electrons to form the electron beam 
 

Like wakes left behind 
by a boat in water 
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Plasma Acceleration 
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Internal injection (“bubble regime”) 
 

Like wakes left behind 
by a boat in water 
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Plasma 
Acceleration 
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External injection 

Like wakes left behind 
by a boat in water 
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Laser 
Plasma 
Accelerator 
for Electron 
Beams 
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“Bubble regime”, 
invented in Europe 

Laser pulse 
200 TW – 1 PW Laser pulse 

Electron beam 

Plasma channel 
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...and it is really much smaller! 
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A few cm’s of plasma create as much energy as the 100 m long S.C. FLASH linac 

Accelerator size becomes 
almost negligible! 
 
Do not forget the 

, which is the dominant 
size here: 
 
Fit a 

laboratory instead of 
500 meter long accelerator 
tunnel! 

$ £ ¥ € 
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LBNL: 4.25 GeV beams have been obtained 
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from 9 cm plasma channel powered by 310 TW laser pulses (15 J) 
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SLAC: 42 GeV acceleration has been shown 

Smaller, Cheaper, Simpler – Accelerators for the Future   | Ralph Assmann |  

85 cm plasma driven by a 42 GeV electron beam, tail of bunch accelerated 

E167 collaboration 
SLAC, UCLA, USC 

I. Blumenfeld et al, Nature 445, 
p. 741 (2007) 

Bob Siemann, SLAC 
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University Hamburg / DESY: LUX (A. Maier et al) 
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An laser-driven plasma R&D approach à towards FEL applications 

About from plasma accelerator, guide beam out of plasma, transport to undulator, generate X rays in 
undulator, dump electron beam, measure , first . Latest: 1 GeV electron beam. 
 
Next steps: towards harder X rays, lasing (saturation not possible in available length of undulator) 

A. Maier et al 



Would It Not Be Reasonable to Reap  
the Benefits of Innovative Laser, Plasma 
and Accelerator  
Technology also  
in Europe for our  
Science, Industry  
and Society? 
High Tech leadership creates well 
paid jobs for our young people!  



The European Opportunity 

EUROPEAN 
PLASMA 
RESEARCH 
ACCELERATOR 
WITH 
EXCELLENCE IN 
APPLICATIONS 

This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 653782. 
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Europe is Very Well Placed in Race to Make it Work 
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Let’s compete and win 

•  Europe has 

(invention bubble regime, 
radiation generation) 
 

•  European : e.g. 
laser plasma beams produce 
photons in FEL-type undulators 
 

•  Europe has 

colliders 

•  Europe has the 
, 

building the lasers used for this 
R&D around the globe 
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Novel Acceleration R&D in Europe 
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How can we develop plasma accelerators towards usability? 

European novel accelerator projects with international involvement 

Funded by EU Horizon2020 as 
EU Design Study: laser & 
electron driven 

CERN experiment collaboration 
under leadership of MPI (A. 
Caldwell): proton driven 

Independent national projects*, funded 
by national states. About 16 major 

facilities for novel plasma acceleration 
R&D. 

* See note on ELI 

ERC Synergy 
Grant 
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EUROPEAN 
PLASMA RESEARCH 
ACCELERATOR WITH 
EXCELLENCE IN 
APPLICATIONS 

This project has received funding from the European Union’s Horizon 
2020 research and innovation programme under grant agreement No 
653782. 
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EuPRAXIA Horizon2020 Design Study 
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European Plasma Accelerator Infrastructure with Pilot Users 

•  Collaboration brings 
together: 
•  Big science labs: photon 

science, particle physics 

•  Laser laboratories: high 
power lasers 

•  International laboratories: 
CERN, ELI (associated) 

•  Universities: accelerator 
research, plasma, laser 

•  125 scientists in our 
work list 

This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782. 

Start:  1 Nov 2015 
End:  31 Oct 2019 
 
Deliverable: Conceptual 
Design Report 

www.eupraxia-project.eu 
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Collaboration of 40 institutes 
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From Europe, Asia and United States 

This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782. 

16 EU laboratories are beneficiaries. 24 associated partners from EU, Europe, Asia 
and US contribute in-kind. 
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Management  
Structure 

Smaller, Cheaper, Simpler – Accelerators for the Future   | Ralph Assmann |  
This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782. 

Heads of Project and 
of Supervisory 
Boards 
 
 
 
Steering Committee 
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A European Strategy for Accelerator Innovation 
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Required intermediate step between proof of principle and production facility 
One accelerator unit!  

PRESENT EXPERIMENTS 

Demonstrating  
100 GV/m routinely 
Demonstrating GeV 
electron beams 
Demonstrating basic 
quality 

EuPRAXIA INFRASTRUCTURE 

Engineering a high quality, 
compact plasma accelerator 
5 GeV electron beam for the 
2020’s 
Demonstrating user readiness 
Pilot users from FEL, HEP, 
medicine, ... 

PRODUCTION FACILITIES 

Plasma-based linear collider in 
2040’s 
Plasma-based FEL in 2030’s 
Medical, industrial  
applications soon 

This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782. 
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EuPRAXIA Objectives 
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EuPRAXIA is a conceptual design study for a 5 GeV electron plasma accelerator  

1.  Address quality. Show plasma accelerator technology is usable 
 
 

2.  Show benefit in size and cost versus established RF technology 
 
 

Note: EuPRAXIA will initially be low power and low wall-plug power efficiency 
 
•  Baseline (10 Hz):  10s of Watt with ~ 1 mJ/photon pulse energy 

   

•  Efforts with industry and laser institutes to improve rep. rate & efficiency 
(incorporate fiber-based lasers with 30 % efficiency) 

This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782. 
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Accelerator Size versus Energy 
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The Issue of Beam Quality 
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Accelerator Size versus Energy 

Smaller, Cheaper, Simpler – Accelerators for the Future   | Ralph Assmann |  

The Issue of Beam Quality 
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This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782. 
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Accelerator Size versus Energy 
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The Issue of Beam Quality 
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This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782. 
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Accelerator Size versus Energy 
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Lower quality 
beams,  
very low power, smaller 
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Do All Electrons Have the Same Energy? 
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Energy Spread – Variation of Beam Energy between Electrons in the Beam 

This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782. 

FEL Territory 

Compact FEL’s? Lower quality 

Higher quality 

EuPRAXIA aims at addressing the quality problem.  
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RF injector  
S-band linac 

1 GeV 

5 GeV 

> 200 MeV 

Laser-Driven 
Stages to 5 GeV A 
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The 50 Billion Volt per Meter Linear Accelerator 
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RF gun & S-
band structures 

PWFA 
accelerator 

X-band 
structures 

1 GeV 

500 MeV 

> 200 MeV 

Beam-Driven 
Stages to 1 GeV B 
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Overview of EuPRAXIA technical goals. Not 
self-consistent cases. Detailed and self-
consistent parameter tables are available upon 
request. 
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The EuPRAXIA Facility (Under Design) 
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RF and TW 
laser system 

PW laser 
system 

Plasma accelerator and user 
lines are on 1st level  
 
RF and laser infrastructure are 
on 2nd level 
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Fits on the Parking Lot of the Hospital Copenhagen 
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High Energy – Accelerator R&D – Photon Science – Material – Medical – Industrial  



Page 69 

Versatile – Designed for Multiple Applications 

Smaller, Cheaper, Simpler – Accelerators for the Future   | Ralph Assmann |  
This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782. 

High Energy – Accelerator R&D – Photon Science – Material – Medical – Industrial  



Page 70 

Versatile – Designed for Multiple Applications 

Smaller, Cheaper, Simpler – Accelerators for the Future   | Ralph Assmann |  
This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782. 

High Energy – Accelerator R&D – Photon Science – Material – Medical – Industrial  



Page 71 

Versatile – Designed for Multiple Applications 

Smaller, Cheaper, Simpler – Accelerators for the Future   | Ralph Assmann |  
This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782. 

High Energy – Accelerator R&D – Photon Science – Material – Medical – Industrial  



Page 72 

Versatile – Designed for Multiple Applications 

Smaller, Cheaper, Simpler – Accelerators for the Future   | Ralph Assmann |  
This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782. 

High Energy – Accelerator R&D – Photon Science – Material – Medical – Industrial  



Page 73 

Versatile – Designed for Multiple Applications 

Smaller, Cheaper, Simpler – Accelerators for the Future   | Ralph Assmann |  
This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782. 

High Energy – Accelerator R&D – Photon Science – Material – Medical – Industrial  



Page 74 

Medical Imaging with Plasma Accelerators 

Smaller, Cheaper, Simpler – Accelerators for the Future   | Ralph Assmann |  
This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782. 

Some Unique Advantages – Already Working Today – Too Slow at the Moment 

2015 publication from J.M. Cole et al., John-Adams-Institute, UK: “Laser-wakefield accelerators as hard x-ray 
sources for 3D medical imaging of human bone”. Nature Scientific Reports 5, 13244 (2015) 
 

Laser plasma 
based betatron X 
ray source 
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High Energy – Accelerator R&D – Photon Science – Material – Medical – Industrial  
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Can the Facility REALLY Do ALL of This? 

Smaller, Cheaper, Simpler – Accelerators for the Future   | Ralph Assmann |  
This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782. 

Another Advantage of Plasma Accelerators 

PLASMA	ACC.	 capture	

switch 
yard 

transport	 undulator	

FEL		
user	area	

diagnostic	line	

“HOPA”	
user	area	

HEP	
Medicine	
Industry	
Material		

PLASMA	ACC.	

PLASMA	ACC.	 capture	 transport	

PLASMA	ACC.	 capture	 transport	

LASER 

RF 
Driver 
Injecto

r 

Laser pulses distributed to “small” plasma accelerators to drive many applications! 
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We must deliver what we promised to EU 

•  EuPRAXIA:	proposal	for	site	independent	conceptual	design	
study	for	a	European	Research	Infrastructure	that		
(a)  can	produce	high	quality	electron	beams	from	plasma	accelerators		

(b)  advance	several	applications	for	pilot	users.	

•  Deliverables	in	CDR:		
(a)  Technical	concept(s)	and	major	components	of	EuPRAXIA	facility	

(b)  Cost	
(c)  Schedule	
(d)  Concept	of	usage	
(e)  Governance	model	

(f)  Site	studies	
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Distributed construction of central infrastructure 

•  x	•  EuPRAXIA:	Build	EuPRAXIA	similar	to	a	particle	physics	detector	–	
many	labs	together	build	a	central	infrastructure	

•  We	need	to	collect	interests	and	proposals.	For	example:	
–  Who	does	prototyping,	testing	and	building	of	EuPRAXIA	laser(s)?	

–  Who	does	prototyping,	testing	and	building	of	RF	injector/linac?	

–  Who	does	prototyping,	testing	and	building	of	plasma	accelerator(s)?	

–  Who	does	prototyping,	testing	and	building	of		undulators?	

–  Who	does	prototyping,	testing	and	building	of	instrumentation?	

–  Who	does	project	management?	

•  Can	and	should	be	consortia	of	labs,	using	their	local	expertise	
and	infrastructure!	Budget	follows	from	responsibility!	
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Site wishes 

•  Possible	sites	for	EuPRAXIA	research	infrastructure	being	pushed	
strongly	and	clear	site	studies:	
–  Frascati,	Italy	(first	few	M€,	aiming	for	50	M€	Italian	project)	

–  DESY,	Germany	(electron	site	for	ATHENA	a	30M€	invest	laser	plasma	project)	

•  Other	possible	sites	which	have	been	discussed:	
–  CILEX,	France	(political	support	not	yet	clear)	
–  CLF,	UK	(impact	from	BREXIT	unclear)	

–  ELI	(laser	infrastructure	with	important	milestones	ahead	–	happy	to	connect	
to	EuPRAXIA	without	being	the	EuPRAXIA	site)	

–  ...	(?)	

•  In	this	situation,	have	been	thinking	about	best	way	forward...	
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Working and building together 

•  Consortia	address	the	relevant	topics	in	design,	construction	and	
commissioning.	Budget	defined	by	responsibility...		

Laser	
Pisa,	CNRS,	
CLF,	ELI,	
FBI,	...	

RF	Tech	
DESY,	INFN,	

CERN,	
Daresbury,	

...	

Theory/
Sim	

CEA,	IST,	
DESY,	INFN,	
HZDR,	...	

Plasma	
U.	Paris,	
DESY,	

Oxford,	...	

FEL	
SOLEIL,	
Roma,	
DESY,	

Daresbury,	
...	

Instrumen
-tation	
INFN,	KIT,	
SOLEIL,	
DESY,	...	

Applica-
tions	
Oxford,	

CNRS,	UB,	
Strathclyde

,	...	

xxx	
...	

Not complete, just examples... 



Page 81 

Construct as a Collaboration 

Smaller, Cheaper, Simpler – Accelerators for the Future   | Ralph Assmann |  
This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782. 

EuPRAXIA aiming at HEP Collaboration Model 

•  We	will	also	need	to	define	a	governance	model	of	EuPRAXIA	
•  Proposal:	Model	after	high	energy	physics	collaborations	for	

constructing	a	big	detector.	
•  Have	one	of	the	agreements	as	model.	For	example:	

–  Collaboration	board	as	top	executive	body.	
–  Agreements	on	part	deliveries,	responsibilities.	
–  Publication	policy.	
–  Spokesperson	elected.	
–  ...	

•  Comments	and	suggestions	welcome.	Volunteers	to	help	are	
welcome.	
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Countries get their shares 

CERN	

Industry	

Italy	 Germany	

France	 Portugal	

UK	

ELI	
EuPRAXIA	
Turn	Key	
User	

Technology	
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Countries get their shares 

CERN	
X	Band	RF	
Technology	
(Compact	
Driver)	

Industry	
European	
laser	and	
accelerator	
Industry	

Italy	
EuPRAXIA	Site	
for	beam-driven	
plasma	acc.	

Germany	
EuPRAXIA	Site	
for	laser-driven	
plasma	acc.	

France	
EuPRAXIA	
Center	for	
Technology	

Portugal	
EuPRAXIA	
Center		

for	Theory	&	Plasma	
Simulation	

UK	
EuPRAXIA	Center			

for	Industrial	Applications	

ELI	
EuPRAXIA	
Turn	Key	
User	

Technology	
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Project considerations 

•  Reflects ambitions known 
to us but integrates all into 
a common project. 

•  Two sites reflect two 
driver technologies – 
minimal duplications due 
to common project work! 

•  Use of existing sites use 
pre-invest and make sure 
OP costs are covered. 

•  Very visible roles to 
France, Portugal and UK 
without the need to 
propose a site. 

•  Connects to European 
industry, ELI and CERN. 

•  Simplifies discussion of radiation 
protection, safety, ...: labs take care of it 
through existing structures. 

•  Easy to explain to people not interested 
in technical details. 
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Top View of EuPRAXIA@SPARC_LAB at LNF 
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RF beam driver in X band with CERN 

This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782. 
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Hamburg Infrastructure – SINBAD  
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Under construction – will house laser-driven novel accelerators at DESY  à  ATHENAe project at DESY 

Ex-DORIS 
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Helmholtz Support for Compact Accelerators (Germany) 
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In this context this does not include muon collider R&D but is focused on plasma accelerators 

In the next years we will support these and other themes in multiple ways. 

New generations 
of compact 

accelerators. 

energy systems 
information and data science 

research earth system 

new materials and agents 

new mobility concepts psych. disease 
indiv. medicine 

From today’s perspective the following challenges are identified 

Support programs: 
 
Accelerator R&D 
ARD research topic in 
Matter&Technology 
(MT) 
 
Independent 
research activity: 
same hierarchical 
level as HEP and 
photon science  
 
IuVF funding 
“Plasma Accelerator” 
 
Strategic investment 
30M€ ATHENA soon? 
(same funding pot as 
Helmholtz LHC 
detector lab) 
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Accelerator R&D Program of Helmholtz Association I 

•  Latest news: ATHENA 
project approved for  
29.99 M€ investment. 

•  Funded by Helmholtz 
strategic funding and 
BMBF “Pakt für 
Forschung” 

Smaller, Cheaper, Simpler – Accelerators for the Future   | Ralph Assmann |  

Accelerator science as independent research 
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50 GV/m electron accelerator with 
usable beam quality 
Flagship at DESY, build infrastructure for developing 1 GeV 
pilot FEL, < 100 MeV injector, medical imaging applications 

Compact p/ion accelerator towards 
higher average flux 
Flagship at HZDR, build infrastructure for developing   
applications in medical, plasma and material areas 

30 M€ Strategic Investment into ARD Infrastructure for Helmholtz Development of  
Laser-Driven Plasma Accelerators – funded by Helmholtz and BMBF (Pakt für Forschung) 

Two common flagship projects 

1 2 

R&D infrastructure in and applications for all centers 

ATHENA Helmholtz Project          (final approval June 12) 
Accelerator Technology HElmholtz iNfrAstructure 

Smaller, Cheaper, Simpler – Accelerators for the Future   | Ralph Assmann |  
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ATHENA: Advancing Laser Plasma Accelerators 
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The Helmholtz accelerator centers collaborating on developing new technology towards user readiness 
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Coordinating PI 

ANKA Synchrotron Light Source at KITFLUTE, a Linac-Based THz Source at KIT   

FLUTE: ARD-Forschung am KIT 

Ultrakurze Elektronenpulse (1 fs bis 300 fs)
Grosser Bereich an Ladungen (1 pC bis 3 nC)
Kohärente Strahlung für Materialwissenschaften und biologische 
Anwendungen 
Entwicklung/Tests von Kurzpuls-Strahldiagnose und Instrumentierung
Kooperation KIT, PSI, DESY 

Ferninfrarot Linac- Und Test Experiment 

Institute for Synchrotron RadiationTU Darmstadt, 13.12.2010
A.-S. Müller  -  Coherent  Synchrotron Radiation in 

Storage Rings
2

FLUTE

ATHENA Project Timeline 

2015  Project proposal 

2018  Project start 

2021  Project completion 

2022   Start of operation  

PI’s and Timeline 
Plus local universities as key partners  
and University Strathclyde in UK 
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Press and Public Understand the Huge Potential 
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Examples from Germany 

This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782. 

“Can	we	have	
smaller	

machines?”	

“Bigger,	faster,	
more	expensive:	

no	way!”	
“The	tiny	particle	
accelerator”	

“Yes,	we	can!”		
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Europe developing new high tech and compact accelerators 

•  The long-term future is bright: there will be 
plenty of opportunities as technology advances! 

•  EuPRAXIA Goals on 10-15 year time-scale: 
•  Demonstrate the generation of plasma-wakefield 

accelerated multi-GeV-scale electron beams with 
stability and quality sufficient for first pilot user 
experiments 

•  Contribute to the conception of new European 
accelerator facility  

•  A long-term future with novel accelerators does 
not come by itself: We must be serious and 
need support. 

•  Your advise and help is very welcome... 
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Plasma Comic 
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By Zach Weiner 

This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782. 


