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Accelerator R&D Starting in Sweden in 1924… 

>  1924:  (*19 February 1883 in Finja, 
Sweden, † 5 February 1960 in Danderyd, Sweden), 
Prof. at the technical university Stockholm,  
publishes in 1924 idea how to realize multiple 
acceleration of an ion with a given high 
voltage: Utot >> UHV 

90 Years of RF Accelerators 
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First Demonstration: Wideröe’s PhD in 1927 in Aachen 

27 pages 
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Wideröe 

Idea 1: switch high voltage  
  

Total energy gain >> available 
high voltage 
  
First short ion linac! 

Idea 2: Circular acc. 

  
Did not work in 
Wideröe’s thesis due 
to stability issues 



Ralph Aßmann  |  ECFA Plenary |  21.11.2014 |  Page 5 

Livingston and Future Accelerators (here e+/e- and p) 
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          Waiting funding decision 
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Let’s say 5 billion € are 
going into these con-
struction projects 
 
A lot of excellent R&D, 
prototyping, optimization 
as part of these projects.  
 
10% = 500 M€ 



Ralph Aßmann  |  ECFA Plenary |  21.11.2014 |  Page 7 

Livingston and Future Accelerators (here e+/e- and p) 

ILC Technical Design exists 
          Waiting funding decision 

FCC 
Conceptual 
Design started 

ESS 

E-XFEL 

LHeC ERL SuperKEKb 

FAIR 

LHC HiLumi 

Hadron acc. project 

Hadron acc. proposal 

Lepton acc. project 

Lepton acc. proposal 

SwissFEL 



Ralph Aßmann  |  ECFA Plenary |  21.11.2014 |  Page 8 

Livingston and Future Accelerators (here e+/e- and p) 
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          Waiting funding decision 
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Lepton acc. project 

Lepton acc. proposal 

SwissFEL 

Advanced accelerators 
reaching the regime of 
ongoing construction 
projects. 
 
No advanced accelerator 
construction project  
funding through generic 
R&D (much lower budget 
available) 
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Accelerator R&D 
Project-Driven Acc. R&D 

> More budget through 
project budgets. 

> Time-critical and high 
priority. 

> Lot’s of innovations but 
must deliver! Therefore 
must have conservative 
component. 

Generic Accelerator R&D 

> Limited budget from 
generic R&D budgets. 

> Not time-critical and often 
considered optional. 

> Can address very 
innovative and risky 
approaches. 

More evolutionary developments. Revolutionary developments 
possible. 
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Outline 

1.  Project-Driven Accelerator R&D 

2.  R&D towards a New Kind of Accelerators 

3.  Conclusion 
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A) Success of Super-Conducting RF 



XFEL Module Performance 
degradation from string assembly 
(10% on average) 

Historically always seen such degradation. 
Many issues identified (and fixed). Watch this space! 
(total: 100 modules) 

ILC 

XFEL 

> 25 MV/m in XFEL 
series production 
modules 



100 s.c. Modules for the European XFEL 

First Modules are Installed in the Linac Tunnel 14 

LCWS 14, Oct 6-10 2014, Belgrade 
Hans Weise, DESY 

Series production 
XFEL modules 
being installed. 
Successful 
industrialization! 



Elliptical Cavities and Cryomodules 

Superconducting five-cell elliptical 
cavity (not ESS). Two families, for beta 
= 0.67, energy 216->561 MeV and 
beta = 0.86, energy 561->2000 MeV. 

ESS elliptical cryomodule (not final) with 4 5-cell cavities and 
4 power couplers for up to ~1 MW peak RF power.  

ESS is based on 
SC RF linac with 
elliptical cavities 



ESS SC RF R&D 
and prototyping 
ongoing 
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Courtesy Padamse, Tigner  

R&D towards much 
higher accelerating 
gradients (not achieved 
yet): 

 
Nb3Sn :Tc = 18 K, Hsh = 
3000 Oe => Eacc = 80 
MV/m (improved shape 
cavity) 
 
MgB2:Tc = 38 K,  Hsh = 
6200 Oe => Eacc = 172 
MV/m (improved shape 
cavity) 

SC RF technology with 
many applications, 
opening new research 
windows (CW FEL  
e.g. LCLS2).  



Ralph Aßmann  |  ECFA Plenary |  21.11.2014 |  Page 18 

B) The Super-Conducting Magnet Frontier 



•  FHC baseline is 16T Nb3Sn technology for ~100 TeV c.m. in ~100 km 
 

Develop Nb3Sn-based 16 T dipole technology (at 4.2 K?),  
-  conductor developments 
-  short models with sufficient aperture (40 – 50 mm) and  
-  accelerator features (margin, field quality, protect-ability, cycled 

operation). 
 
Goal: 16T short dipole models by 2018/19 (America, Asia, Europe) 

Goal: Demonstrate HTS/LTS 20 T dipole technology: 
-  5 T insert (EuCARD2), ~40 mm aperture and accelerator features 
-  Outsert of large aperture ~100 mm, (FRESCA2 or other) 

•  In parallel HTS development targeting 20 T (option and longer term)     

High-field magnet R&D (FCC-hh) 

•  High-field SC magnet R&D for FCC will be a “natural” continuation of 
HL-LHC developments and ensure continuation of  of  long-lasting 
worldwide research efforts and efficient use of past investments 

16 T Nb3Sn and 
20T HTS dipoles 
for FCC 



• 
⇒

• 

•  ≥

• 

• 

13/Aug/2014 LRossi-Eucard2@ASC14 20 

EuCARD2 
prototyping on 

20T dipoles 



GSI Helmholtzzentrum für Schwerionenforschung GmbH O. Kester 15. November 2014 

Magnet development 

Fast ramped magnets (synchrotrons) 
dipole and multipoles 
 
   Dynamic load and AC heat losses 

     Bρ= 100 Tm - Bmax= 1.9 T - dB/dt= 4 T/s 
     Quench propagation, eddy currents on ramp 
  High field quality, low multipole strength 

 Field calculations, mechanical analysis 

1.9T dipoles with 
4 T/s ramping for 
FAIR 



N. Ohuchi

Up to 72 T/m 
quadrupoles in 
SuperKEKB IR 
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C) The Room-Temperature RF Frontier 



Main LINAC #
LINAC modules 26
Modulator 26
Klystron 26
Pulse compressor 26
Accelerating structures 104
Waveguide splitter 78
Waveguide loads 104

C-band techno-
logy in Europe 
for SwissFEL 



 
 
 

Leak check 

RF conditioned to  
52 MV/m  shorter 
FEL than with SC RF 



Parameters, Design and Implementation:  
•  Integrated Baseline Design and Parameters     
•  Cost and power optimisation in design and 

technological developments, optimal stages 
•  Links to experimental programme and 

integrate experimental results   

X-band Technologies   
•  High gradient structures and high eff RF  
•  New X-band High power Testing Facilities (x3) 
•  Use of Xband technologies for FELs  

Xband disk, Xband teststand 

100 MV/m with X-band technology 
and low breakdown rate for CLIC 

 even shorter linacs 



High precision micron 
accelerator mass 
production techniques 
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If Accelerating Gradients Pushed too High (30 GHz)… 

W. Wuensch 

Location of 
damage 

Single feed power coupler 
30 GHz, 16 ns,  
66 MV/m local accelerating 
gradient 

W. Wuensch 2002 

Major success for X-band: mastering of 
breakdown problem without damage. 
 
Limitation for much higher gradients than 
100 MeV/m! 

Avoiding damage 
problem encoun-
tered in 2002 
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D) The High Luminosity Challenge 
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Achieved Beam Sizes with New Optics Scheme in ATF2 

Previous HEP 
accelerator 

from 1994 
with 46.6 GeV 
at SLAC 

Note:  
  

 means that physical 
emittance shrinks with 1/Energy  Beam size shrinks with 1/
SQRT(Energy)   37 nm corresponds to 2.7 nm at 250 GeV. 
  

like wakefields with higher currents! 

Figure by ATF2 coll. 
Courtesy N. Walker 

Note: Scanning 
Transmission 
Electron Micro-
scopes achieve 
sub-nm spot size! 
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New record 40 nm 
beam size at 
ATF2  towards 
ILC 
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Achieved beam sizes at IP 

Current run: ATF2 now routinely achieves <50nm in ~1 day of tuning 
(starting with ~1 um) 
 
(caveat: only at low bunch charge: impedance effects under investigation) 
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Time (hours) from Operation Start after 3 days shutdown 

Week from April 14, 2014 Figure by ATF2 coll. 
Courtesy N. Walker 

Reproducible and 
stable operation 
with nanobeams 
in ATF2 
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SuperKEKB (in construction for beam commissioning in 2016) 

Will break into 
new territory for 
e+e- colliders! 
  

nano-beam scheme 

K. Oide et al 

Sub mm beta* in 
SuperKEKb 
upgrade 



Reduction of dynamic aperture 
due to beam-beam

33

w/o beam-beam with beam-beam

LER LER

HERHER

Transverse aperture reduces significantly.

Y. Ohnishi, A. Morita, H. Sugimoto, H. KoisoFrontier beam-beam challenges 



extremely similar to 
RHIC operation with 

stochastic  
cooling 

emittance 
control 
by noise 
excitation 

M. Blaskiewicz et al. 

R. Tomas 

luminosity evolution w rad damping 

O. Domiguez 

FCC in new beam-
beam regime for 
hadron colliders 



35 

RHIC Run-14 Au+Au              Delivering RHIC-II luminosity

2007, Beginning 
of RHIC-II upgrade 
6x design luminosity 

2014, End of 
RHIC-II upgrade 
25x design luminosity 

Increase in initial luminosity 
result of larger bunch intensity 

Increase in luminosity lifetime 
result of 3D stochastic cooling, >90% burn-off 

Stochastic cooling: M. Blaskiewicz, J. M. Brennan, and K. Mernick, PRL 105, 094801 (2010). 

3D Stochastic Cooling in RHIC 
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Coherent electron Cooling 

  Idea proposed by Y. Derbenev in 1980, novel scheme  
with full evaluation developed by V. Litvinenko

  Fast cooling of high energy hadron beams
  Made possible by high  brightness electron beams and  

FEL technology
  ~ 20 minutes cooling time for 250 GeV protons → 10x 

reduced proton emittance gives high eRHIC luminosity 

  Proof-of-principle demonstration planned with  
40 GeV/n Au beam in RHIC

  Micro-bunching test also planned with same set-up

Helical wiggler 
prototype 

Towards demonstrating 
coherent electron 
cooling in RHIC 
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The Success of Project-Driven R&D 

in the various projects presented before: 
40 nm beam size, sub-mm beta*, 20T HTS dipole goal, 4T/s ramping magnets,  
>25 MV/m SC RF, 52 MV/m C-Band, 100 MV/m X-Band, cooling, CW beams, …  

>  Apologies that many great results could not be shown in the time 
available. 

>  Project-driven accelerator R&D 
.  

>  The available techniques allow for various 
: ILC, FCC. Challenges from practical limitations. 

  they ensure focus on the directions to take and 
feedback on required quality and parameters! 

>  Something that is not as evident in generic accelerator R&D  there we 
also need to get users involved... 
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Outline 

1.  Project-Driven Accelerator R&D 

2.  R&D towards a New Kind of 
Accelerators 

3.  Conclusion 



Plasma Accelerators as Future Technology 
Successful accelerator technologies  
approach physical and practical limits  

 advances slow down. 

Plasma accelerators produce the same 
energy gain as conventional accelerators 
in 1/1000 of acceleration length. 

The required high power lasers become 
more and more compact. Rapid laser 
development and progress! 

Beams (e- and p) can also drive 
wakefields  

Potential for ultra-compact accelerators  
of e-, p and ions. Reduced size & cost(?). 

Challenge:  
Usability – Stability – Quality  

SEITE 39 
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Long-Term Application 1: Compact linear collider 



Ralph Aßmann  |  ECFA Plenary |  21.11.2014 |  Page 41 

Linac Coherent 
Light Source 

Kilometer-scale X-ray FEL 

Zone plate sample 

Pin hole 

Beam stop Coherent X-ray 

X-ray Holography Microscope 

Long-Term Application 2: Laser-driven compact X-ray FEL 

Visualization by  
T. Tajima, 2010 



Electrons can also be produced externally 
and injected into the plasma accelerator! 
 

This accelerator fits in principle into a 
human hair!  

Of course: Lasers are of substantial size but 
progressing rapidly (reduced size, higher power, 
better quality, ...). 

Physics of Plasma Acceleration on 1 Slide 

Modern lasers have transverse fields of 1.000.000 MV/m! Can we use these fields 
to accelerate charged particles? 

3 

SEITE 42 

1 

-   +  - 
Accelerating field 

2 
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Photo Laser-Plasma Accelerator 

SEITE 43 

500 mm 

0.25 mm 

10
0 

m
m

 

Metal 
(Copper) 
S band 
Linac 
Structure 
  

Powered 
by micro-
waves 

2013 

0.
05

 m
m

 

Plasma Accelerator 

 Thousand times 

the acceleration per 

length  
 Accelerators 

become shorter 
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44 Office of 
Science 

4.25 GeV beams have been obtained from 9 cm plasma channel 
powered by 310 TW laser pulses (15 J) 

A
ng
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Electron beam spectrum

1           2           3           4           5
Beam energy [GeV]

 simulation*

Exp. Sim. 

Energy 4.25 GeV 4.5 GeV 

ΔE/E 5% 3.2% 

Charge ~20 pC 23 pC 

Divergence 0.3 mrad 0.6 mrad 

• 
- 
- 

• 
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Slide by V. Malka 



FACET: A National User Facility based on 
high-energy beams and their interaction 
with plasmas and lasers 

•  Facility hosts more than 150 users, 25 experiments 
•  One high profile result a year 
•  Priorities balanced between focused plasma 

wakefield acceleration research and diverse user 
programs with ultra-high fields  



High-Efficiency Acceleration of an Electron Bunch in a 
Plasma Wakefield Accelerator 

•  Electric field in plasma wake is loaded by presence of trailing bunch 
•  Allows efficient energy extraction from the plasma wake 

Energetically Dispersed 
Beam After Plasma (Data) 

Decelerated Drive 
Bunch 
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This result is important for High Energy Physics applications that require 
very efficient high-gradient acceleration 

No Trailing 
Bunch 

Trailing 
Bunch 

Previous 
Experiments 

Our Experiment 
Drive 
Bunch 

Simulations 
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Work on Laser Efficiency: Towards 30% Efficiency 

Coherent 
Amplification 
Network 



Picosecond  CO2  gas  laser  
 

CO2 (λ=10 μm) advantages  
as compared to solid-state (λ≈1 μm) lasers: 
#1 favorable scaling of accelerating structures, better 
electron phasing into the field 

#2 100 times stronger ponderomotive effects at the same 
laser intensity   

#3 10 times more photons per Joule 

#4 100 times lower critical plasma density 

a tool for exploring  
novel methods of particle acceleration 

and radiation sources.   
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Critical, Missing Step: Make it Useful for Something... 

>  Stability in plasma accelerators still insufficient. At the same time no 
fundamental limit on  
stability is know. 

>    
  A known e-beam is  
injected  

. 

  Hybrid: DESY „Best in  
Class“ accelerator +  
laser + plasma. 

  Reduced complexity! 

  Allows placing several  
accelerating plasma 
structures behind 
each other (“Staging”). 

>  Not shown so far! 



Ralph Aßmann  |  ECFA Plenary |  21.11.2014 |  Page 51 

Accelerator Builder’s Challenge (simplified to typical values) 

> Match into and out of plasma with 
(about 1 mm beta function).  

  See ATF2 results: 40 nm for beam size. See SuperKEKB: < 1mm beta in circular coll. 

> Control  between the wakefield driver (laser or 
beam) and the accelerated electron bunch at . 

> Use to minimize energy spread.  

> Achieve  from injected 
electron bunch to wakefield (energy stability and spread). 

> Control the  to compensate 
energy spread. 

> Develop and demonstrate 
. 
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Accelerator Builder’s Challenge – Feasible? 

>  Difficult but we believe solutions can be found. Will not come for free… 

 

>  Again: No fundamental limit here, but strong technical challenges! 

Femtosecond Precision in Laser-to-RF Phase Detection 
(from  H. Schlarb, T. Lamb, E. Janas et al. Report on DESY Highlights 2013).  
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Accelerator Builder’s Challenge – Feasible? 

>  Idea: Beam Loading to 
Flatten Wakefield 

>  Author: 
 – CLIC Note No. 3, 

CERN/PS/85-65 (AA) 
(1985). 

>  Shape the electron beam 
to get optimized fields in 
the plasma, e.g. minimize 
energy spread. 

>  Study: Tom Katsouleas. 

 Katsouleas, T., et al. Beam Loading in Plasma 
Accelerators. Particle Accelerators, 1987, Vol. 22, 
pp. 81-99 (1987) 
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5 PW laser 
and LWFA 

area 

High 
stability 
LWFA Comb beam  

high efficiency 

LWFA for 
FEL 

LWFA for 
science 
(FEL, …) 

10 – 200 PW 
laser, also for 
LWFA (finally 

100 GeV?) 

FEL R&D for 
LWFA ICAN for high 

efficiency 
Proton-driven 

PWFA 
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LWFA FEL 

e- driven PWFA 

PWFA modulation 

Ion plasma acc. 
and transport 

plasma 
wakefield 
imaging 

Two 1 PW laser, ion/
p plasma acc., 

radiation therapy 
R&D 

LWFA, polarized 
particles 

LWFA, medical 
imaging, training 

LWFA low density, external 
inj. 

atto-s radiation sources 

LWFA for radiation 
sources 

FEL, industrial 
applications, 

PWFA 
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EU Funded  
Network on  

Novel  
Accelerators 

1st European 
Advanced 
Accelerator 
Workshop 
EAAC2013 
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Strategy European Network Novel Accelerators 

Proposal: EU  
Design Study 
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EuPRAXIA – Connected Labs and Institutes 

16 beneficiaries from 5 EU member states 
  
plus 18 associated partners 
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EuPRAXIA – Support  

European Steering Group for 
Accelerator R&D, 2014 

“… the realization of accelerators with 
appropriate beam characteristics for user-
communities is now credible and highly 
desirable.”  

competition from CERN FCC and ESS 
neutrino upgrade DS proposals 

Letters from industry 
(Thales, Amplitude) 
removed from this 

version. 
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Schematic Layout EuPRAXIA Research Infrastructure 

Present Laser 
Plasma Acce-
lerators 
 
Up to 4.25 GeV 
electron beams 

Beam 
Diagnostics 
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Schematic Layout EuPRAXIA Research Infrastructure 

Research 
Infrastructure 
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Schematic Layout EuPRAXIA Research Infrastructure 

PLASMA ACCELERATOR 
Research 

Infrastructure 
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Schematic Layout EuPRAXIA Research Infrastructure 

PLASMA ACCELERATOR 
HEP USER AREA Research 

Infrastructure 
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Schematic Layout EuPRAXIA Research Infrastructure 

PLASMA ACCELERATOR 
HEP USER AREA 

FEL / RADIATION SOURCE 
USER AREA 

Research 
Infrastructure 
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EuPRAXIA Research Infrastructure Goal Parameters 
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Envisaged Implementation 

> 

> 
 

> 
 

> 
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EU Design 
Study 

Decision 
Funding 

Construction 
+ OP 

EU DS: Now required for next step in 2020 
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EU Design 
Study 

Decision 
Funding 

Construction 
+ OP 

EU DS: Now required for next step in 2020 

FET-OPEN: (i) ICAN 
(ii) Beam Driver  
(iii) Resonant Laser 
High Efficiency 
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Research field Matter in the Helmholtz Association 

PAGE 72 

since 2011 

+ Helmholtz Institutes 
         Jena and Mainz 

Hamburg and Zeuthen 

PAGE 72 Review of the Research Field Matter 
Helmut Dosch 

(Total Helmholtz: 18 centers, 
6 research fields, ~3B€ yearly 
budget) 
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HELMHOLTZ (Germany) – Research Field Matter: new 
programme structure, starting 1.1.2015 

Matter and  
the Universe  

Fundamental 
Particles and Forces 

Cosmic Matter 
in the Laboratory 

Matter and Radiation 
from the Universe 

In-House Research on the  
Structure, Dynamics and  

Function of  Matter at  
Large Scale Faciltities 

Facility Topic: 
Research on Matter with 

Brilliant Light Sources 

Facility Topic: 
Neutrons for Research 
on Condensed Matter 

Facility Topic: 
Physics and Materials 

Science with Ion Beams 

Accelerator  
Research and Development 

Detector  
Technologies and Systems 

From  Matter  to 
Materials and Life 

Matter and  
Technologies 

Facility Topic: 
Research at Highest 

Electromagnetic Fields 

PAGE 73 Review of the Research Field Matter 

LK II 
„performance category II“ 
= user operation of large 

scale facilities 

Helmut Dosch 

ARD 
ATHENA =  
Accelerator Technology 
HElmholtz iNfrAstructure 



Ralph Aßmann  |  ECFA Plenary |  21.11.2014 |  Page 74 
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 

FLUTE

Details on included facilities see presentations on the Helmholtz ARD web site or contact PI’s! 

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 

FLUTE

SEITE 74 

Coordinating PI 



SEITE 75 

ATHENA: 2018 – 2021, proposal to be submitted, 6 centers + 1 institute + 
universities + international collaborators, using infrastructures together, 2 
future technologies for the Helmholtz strategy, high relevance for applications 
in many centers. 
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DESY Accelerator R&D 

FLASHForward 
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LAOLA Collaboration (Plasma) 

SEITE 77 

> Laser: Ti:Sa 200 TW, 25 fs pulse length, 5 Hz repetition rate 

  Initially: Laser-driven wakefields in REGAE. LUX exp. towards FEL 
  Later: Move to SINBAD facility. 

 
Beams: 

: 5 MeV, fC, 7 fs bunch length, 50 Hz 
 

: 1.25 GeV, 20 – 500 pC, 20 - 200 fs  
bunch length, 10 Hz.  
Beam-driven plasma wakefields. Beam-driven  
plasma wakefields with shaped beams and  
innovative injection methods. Helmholtz VI with UK collaboration. 
 

: 25 MeV, 100 pC, 20 ps bunch length, 10 Hz. 
Beam modulation experiment in a plasma cell, 
preparation to CERN experiment AWAKE 
 

: dedicated R&D,  
multi purpose, 150 MeV,  
0.01 – 3 pC, down to  
< 1 fs bunch length,  
pulse rate 10 – 1000 Hz 

 Home of AXSIS ERC 
          Synergy Grant 

 Home of ATHENAe 

A. Maier 

F. Grüner 

J. Osterhoff 

F. Stephan 

U. Dorda B. Marchetti J. Grebenyuk 

Similarly strong 
teams in other 

Helmholtz 
centers! 



SINBAD 

SEITE 78 

      laser 

        machine 

as home for ATHENAe 
at DESY/Hamburg 

ERC Synergy Grant  
2014 - 2020 

Total: 13.9 M€ 

DESY plus Helmholtz 
Strategic Invest 2018-2021 
2021: AXSIS as atto-s inj. 
(AXSIS prototyping included as third party 
funding) 

Total:  
66.9 M€ 

To be approved 
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Compact Atto-Second Light Source 

, based on 
new, laser-driven accelerator technology (dielectric 
structures). Research on the photo-system. AXSIS. 

  Laser science (F. Kärtner, DESY/Uni HH) 

  Spectroscopy light sources (H. Chapman, 
 DESY/Uni HH) 

  Biology (P. Fromme, Uni Arizona) 

  Accelerator science (R. Aßmann, DESY)  

>  Only accelerator-related ERC synergy  
grant 14 M€ over 6 years (2014 – 2020) 

>  Will be set up at DESY in the context of  
the multi-purpose accelerator research facility 
SINBAD (part of the Distributed ARD test facility). 

(obsolete version) 
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Conclusions I 

 activities 
performed around the globe by many colleagues: 

  Apologies that not all important topics could be covered in the available time. 

, even if it sometimes takes half a century from idea to large 
scale implementation, sometimes only a decade. 

 (SC, C-band, X-band) are ready to 
be used in a next HEP project.  

 (SNS, XFEL, ESS, ILC, …). Together 
with the energy recovery linac concept, efficiency is much improved. 

>  The 
  exciting time for the 

accelerator field with new ideas and concepts entering discussion. 
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Known Higgs Boson Energy  e+e- Higgs Factory Design… 

Some IPAC2013 Papers 
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Conclusions II 

. User applications in reach! 

>  Europe: . Accelerator 
R&D in Germany recognized as . 
Conventional and novel acc. R&D together. HEP and photon science acc. 
R&D together. 

>  Europe:  in plasma acceleration. Best lasers 
produced in Europe and used at LBNL for record result. 

>  EuroNNAc: exchange info, develop common plans. 

>  Right time is now to spend time and efforts on 
. 

>  Efforts on : EuPRAXIA proposal, CILEX, 
Helmholtz Distributed ARD Test Facility, …  

>  We hope that our efforts will be supported also by ECFA and supported by 
sufficient funding to develop it into a . 
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Wideröe 1992 at age 90 

After all, 

. 

are not subject to any such considerations. The 

.  

The with regard to accelerating 
particles by electromagnetic means (i.e. within the scope 
of the Maxwell equations which have been known since 
the 19th century), , 
and technology surprises us almost daily with 
innovations which in turn allow us to broach new trains of 
thought.  

…there are yet to 
be made. They could allow us to advance to 

.  




