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EuroNNAc 
European Network for Novel Accelerators 

• Network status:  
– 52 institutes are members of our network (Europe, US, Asia) 

– Part of EuCARD2 project. Network results will feed into TIARA. 

– Ideas about first plasma acceleration facility for HEP (discussed in ICFA/ICUIL 
task force): 

• Electron injector for LHeC and other future projects (~10 GeV) 

• In addition, follow-up on plasma linac as compact test beam for HEP 

– Activities for synchrotron radiation facilities picking up speed: 

• LUNEX5 (F) 

• ARD/LAOLA (DE) 

• Connection to linear colliders: 
– Potential path to cost effective, compact accelerators and colliders. Generic 

R&D. Table top FEL’s… 

– Supported by High Energy Physics (e.g. US) and more strongly by photon and 
laser science communities. Billion Euro activity… 
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EuroNNAc Members I 
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EuroNNAc Members II 
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EuroNNAc Members III 
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Possible Scenario 

Year R&D Application and Science 

2012 – 20  Laser driver – electron driver – 
proton driver – positrons acc.? – 
plasma – e-/p+/ion beam quality 
– beam radiation tests 

Test facilities in various countries targeted 
to photon science and medical 
applications (Distributed Test Facility?) 

Low luminosity paradigm: selected high 
energy events 

2020 – 30  efficiency, cost, scalability, 
reliability, e-/e+/p+/ion beam 
quality   

Operational compact photon science 
facility (e- beams) 

Compact medical test accelerators  

Compact high energy physics test facility 
(low luminosity Z production, e+e- beams) 

Advanced beams for multi-GeV injection 

2030 – 40  efficiency, cost, scalability, 
reliability, e-/e+/p+/ion beam 
quality    

Operational compact medical accelerators 
Operational high luminosity Z factory 
Test low luminosity Higgs factory? 

2040 – 50  Operational high energy frontier collider 
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European Facility 

Review 

 

- preliminary - 



Plasma Accelerator R&D  
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Positron acceleration 

External optical injection 

Laser wakefield acceleration 

(LWFA) with self injection 

Multi-stage  

LWFA 
Synchrotron radiation 

with advanced  beams 

Electron beam driven PWFA 

Proton beam  

driven PWFA 

Betatron radiation 

in plasma 

Plasma undulator 

Stability and beam quality 

Femto-second 

synchronization 

Polarized beams in plasmas 

External RF injection 

Power and efficiency 



Plasma Accelerator R&D  
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Linear Collider Topics 

Should be supported by Particle Physics 

Power and efficiency 
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p-Driven Plasma Acceleration 
The First CERN Experiment 
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Use CLIC zero for Advanced 
Accelerator R&D? 
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Timeline would fit… 

10 May 2012 R. Assmann 14 

2015 – 2020: West Area 
Proton-driven plasma acceleration tests 
Laser facility 
Laser plasma fs injector 

2020 – 2025: CLIC zero facility 
CLIC zero e- beam and lasers 
Laser-driven plasma booster 
Injection of e+ into plasma accelerator 
Polarized beams in plasmas 
Electron-beam driven plasma acceleration 
Power and efficiency measurements 

Where would be CLIC zero located? 



Laser Development 
Work S. Hillenbrand 
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CLIC zero for Advanced 
Acceleration R&D 

• The beam energy of CLIC zero is in the B-factory range. Physics 
applications? 

• CLIC zero e- beam and lasers  gg collider 
– Bring or copy laser lab from advanced acceleration research west area to 

CLIC zero. Use laser experience and know-how. 

– Requires two CLIC zeros or an SLC type arc at the end of linac. 

– Laser parameters not really the same 

– Energy of main beam too low 

– Looks unlikely to me… 

• CLIC zero could be used to focus on HEP collider advanced 
accelerator R&D issues.  
– Nobody might do it otherwise. 

– Real benefit to drive accelerator technology for HEP! 
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A CLIC zero gg Collider? 
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Ebeam = 75 GeV at 

CLIC1  
  

versus  
  

6.5 GeV at CLIC 

zero 



CLIC zero for Advanced 
Acceleration R&D 

• Requirements: 
– Bunch compression to ~30 micron bunch length for main or drive beam 

• Wishes (typical collider requirements): 
– Polarized e- beam 

– Positron source 

• Laser-driven plasma booster: 
– Inject main beam into laser-driven plasma booster: 6.5  20+ GeV? 

– Several stages to reach physics potential? 

• Injection of e+ into laser-driven plasma accelerator 
– Basic R&D to develop positron acceleration technology 

• Once it works we can dream:  
– Design LC with CLIC zero at 6.5GeV, ultra-compact SLC-type arcs for e+e- 

– Short plasma boosters at the end of each compact arc 

– Test collider cases: Z, Higgs, … 
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CLIC zero for Advanced 
Acceleration R&D 

• Polarized beams in plasmas 
– Basic R&D on polarized beam transport in plasmas 

• Power and efficiency measurements 
– Measure power 

– Characterize efficiency of advanced acceleration in detail 

– Optimize efficiency (use of ICAN laser technology, …) 

• Electron-beam driven plasma acceleration 
– Inject electrons as short drivers into plasma cells 

– Use excited wakefields to accelerate a witness bunch from CLIC zero or 
laser plasma injector 

– Can the drive or main beam be used to more efficiently drive the plasma 
wakefields? 
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Conclusion 

• Plasma accelerator R&D is presently driven by steep 
developments in laser science.  

• The field is rapidly growing with many accelerator labs joining and 
funding agencies pushing for a concerted effort. 

• Believe is that laser-driven compact beam and light sources for 
medicine and photon science are achievable and in reach. 

• There are many HEP specific R&D problems. Support by HEP is 
crucial to make sure that these issues are developed. 

• CLIC zero can be the test facility to test many of these issues. 
Requires bunch compression, positrons and maybe polarization. 

• One can dream about plasma boosting CLIC zero to higher 
energies with compact e+e- arcs. Feasibility would require further 
work! 

10 May 2012 R. Assmann 20 



Invitation… 

• We have started planning for the 1st European Advanced 
Accelerator Conference (EAAC) 

• Will take place in Summer 2013 

• Two candidate locations have volunteered, to be decided 

• Should bring together advanced and conventional accelerator 
physicists: 
– We hope that linear collider experts will be well represented 

– CLIC colleagues are particularly welcome 

– Will also cover advanced RF structure developments, like the AAC does 
(e.g. dielectric structures) 
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Reserve Slides 
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S. Hillenbrand: LC and Lasers 
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S. Hillenbrand: LC and Lasers 
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S. Hillenbrand: LC and Lasers 
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Research Topics I 

• External optical injection  
– Create a particle beam with laser-driven plasma source 

– Inject into a laser-driven plasma accelerator 

– Characterize final beam energy, quality, … 

– 12 Star 

• External RF injection  
– Create a particle beam with an RF injector 

– Inject into a laser-driven plasma accelerator 

– Characterize final beam energy, quality, … 

– 11 Star 

• Laser wakefield acceleration (LWFA) with self injection 
– Create a particle beam with laser-driven plasma source 

– Maximize energy and/or charge 

– 15 Star 
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Research Topics II 

• Multi-stage LWFA  
– Similar to external optical injection 

– A generic stage of laser-driven wakefield acceleration 

– 8 star 

• Synchrotron radiation with advanced  beams  
– Transport beam from plasma injector 

– Use to generate synchrotron radiation in classical undulators 

– 13 star 

• Electron beam driven PWFA  
– Use an electron beam to drive plasma wakefields 

– Test with external injection of beam 

– 5 star 

 

10 May 2012 R. Assmann 27 



Research Topics III 

• Proton beam driven PWFA  
– Use a proton beam to drive plasma wakefields 

– Test with external injection of beam 

– 2 star 

• Betatron radiation in plasma 
– Off-axis oscillations of electrons within plasma wakefields 

– Use and manipulate this process to generate synchrotron radiation 

– Possibility for ultra-compact radiation sources (injector + transport + 
undulator within plasma cell) 

–  14 star 

• Plasma undulator  
– External off-axis injection into a plasma wakefield stage 

– 5 star 
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Research Topics IV 

• Stability and beam quality  
– Measure, characterize, optimize advanced beams 

– 19 star 

• Polarized beams in plasmas  
– Transport of polarized beams in plasmas 

– 0 star 

• Positron acceleration 
– Acceleration and transport of positrons in plasma accelerators 

– 0 star 

• Femto-second synchronization  
– Set up of femto-second timing and synchronization systems 

– Cross synchronization between multiple particle and laser beams 

– 14 star 
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Access to Facilities 

• Condition of access 
–  User, Comm: User facility with defined access conditions. Selection by a 

committee at the facility. 

– Collaboration: Access by joining an existing collaboration at the facility. 

– Laser Lab: Access through the Laser Lab Program 
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Other Experiments @CERN? 

• Laser-driven plasma linear accelerators. 

• Test of a plasma beam dump for proton and linear collider beams. 

• Test of energy recovery from plasma beam dumps (idea T. Tajima 
and A. Chao). 

• Second plasma source on surface for acceleration. Inject e-beam 
into first or second plasma source. Second plasma as acceleration 
stage. 

• Second plasma source in tunnel for seeding. Use correlated 
energy spread after plasma for micro-bunch generation 
(compression). 
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Laser-Driven Compact Test 
Beam Accelerator for HEP? 

• Idea: Build compact test beam accelerator (CTBA) for HEP. 
– Beam energy:    1 GeV  (10 GeV later) 

– Energy spread:   1 – 0.1% 

– Rate:     as low as possible (single electrons) 

– Repetition freq:  ~ kHz 

• Make it operational:  24h operation, 7/7, stable 

• Accelerate with proton-driven plasma accelerator as 2nd stage. 

• Copy, distribute the CTBA to HEP labs. In house detector tests… 

• With two CTBA’s:  
– Test collisions 

– Final test and proof of stability 

• Lots of synergy with photon science efforts! 

• Needs work on design, cost, dimensions, … 
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Laser-Driven Electron Injector 
for HEP, e.g. for LHeC or LEP3? 

• Idea: Investigate use laser-driven plasma linac  as injector to 
future HEP projects. Build prototype injector. 

• Advantages: Start with a low energy linac. Requirements much 
more relaxed than a full linear collider. Demonstrate feasibility 
and cost savings. 

• The LHeC collider is under study at CERN: Put electron ring on top 
if LHC for generating e-p collisions. (ring-ring concept). 
Alternative: linac – ring collider. Could come in 10-15 years. 

• Look at ring-ring parameters, as an example: 
– Electrons per bunch:   2.6e10  

– Electron energy:   10 GeV 

– Norm. trans. emittance: 0.6 mm-rad 
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Towards Plasma Linear Colliders 

• Plasma linear colliders are not around the corner but will be 
result of a sustained R&D effort over many years. 

• It is important to define a roadmap with early applications along 
the path (e.g. HEP test beam accelerators, injectors, synchrotron 
radiation). 

• Natural collaboration between HEP lab and synchrotron light labs! 

• We are forming the EuroNNAc network for this. 

• Ideas how to make use of advanced accelerators in the near term 
are emerging. We will further pursue these ideas and plan to 
propose pilot facility(ies). 
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