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Breakdown is generally relevant. 
 Accelerator 
  Normal Conducting 
   Source of our problems, also CLIC 
   Failure mode for pulsed heating   
  SC pulsed power cleaning, field emission  More E => more sensitivity 
   Spontaneous FE 
 Fusion 
  Impurities, Stability 
  RF heating limits 
 Industrial 
  High power switching 
  coatings 
  Spark plugs 
  . . .  
 Satellites 
   . . .  
 Intellectual / scientific 
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But there is still no basic theory. 
 

Should a theory of breakdown explain the breakdown of the scientific method? 
 
Many workarounds. 
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Who is active? 
 
Historically 
 Michelson, Millikan, Lord Kelvin & Alpert 
 Juttner / Anders 
 Mesyats 
 
Now  (this conference) 
 CERN / Helsinki / IPP/ Sandia / Other 
 SLAC 
 High Grad 
 Muon  
  ANL 
 
Other conferences 
 ISDEIV 
 SRF community 
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ISDEIV  
International Symposia on Discharges and Electrical Insulation in Vacuum 
    http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5613127 
 
Large international group that meets every two years 
 
Primarily devoted to coatings and high power switching 
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SRF2011 

 

http://conferences.fnal.gov/srf2011/ 
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Mechanisms of Vacuum Arcs, Helsinki, June 27 – 30, 2011  
 

Talks:  
Burkhard Juettner Breakdown and arc in ultrahigh vacuum: Large devices affected by microscopic regions 
Walter Wuensch (presentation) Breakdown in high-gradient accelerating structures 
Edgar Dullni (presentation) Pre-breakdown and breakdown phenomena on contacts in vacuum interrupters 
Joel Rasch (presentation) Microwave multipactor and corona breakdown in inhomogeneous fields 
Kamel Frigui (presentation) Microwave breakdown at atmospheric pressure in waveguide filters.  
Matt Hopkins (presentation) Progress Modeling 3D Vacuum Arc Discharge 
Jay Hirshfield Breakdown in a bimodal cavity - status of experiment 
Valery Dolgashev Pulsed surface heating and status of SLAC experiments 
Flavio Soldera (presentation) Local degradation of materials microstructure due to high voltage discharge 
Kenneth Österberg (presentation) Dynamic vacuum measurement 
Guenter Mueller (presentation) Field emission from particulates and surface irregularities as precursor of microplasmas 
Rocío Santiago Kern (presentation) Field Emission Measurements. The mysterious nature of the field enhancement factor 
Arno Candel Parallel Electromagnetic Accelerator Modeling Code Suite ACE3P 
John Power (presentation) Schottky Enabled Photo-electron Emission & Dark Current Experiments 
Tomoko Muranaka (presentation) Scanning Electron Microscope in situ breakdown experiments at Uppsala 
Richard Forbes (presentation) Electrical Thermodynamics and the Formation of Nanoprotrusions 
Flyura Djurabekova (presentation) Multiscale modelling of electrical breakdown 
Sergio Calatroni (presentation) DC spark test system at CERN: main results and future objectives 
Yasuo Higashi (presentation) Development of Scanning Field Emission Microscope 
Konstantin Matyash Particle in Cell simulation of RF and DC break down plasmas 
Helga Timko Modelling plasma build-up in vacuum discharges 
Paul Crozier Vacuum arc simulations using Aleph 
Jim Norem (presentation) Modeling Arcs 
Micha Dehler (presentation) FEA Cathode and Gun Simulations 
Marc Fivel 3D Discrete Dislocation Dynamics simulations : principles and applications 
Steve Fitzgerald Dislocations 
Aarne Pohjonen (presentation) Dislocation mechanisms on a near surface void under static electric field induced stress 
Stefan Parviainen (presentation) Atomistic modeling of Atom Probe Tomography 
Markus Aicheler (presentation) B-field Arcs and Wormlike features in CLIC accelerating structures 
Walter Wuensch Summary + Conclusion 

 

http://beam.acclab.helsinki.fi/hip/mevarc11/programme.php         (30 talks, 20 on web) 
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Highlights of the Helsinki meeting 
 
A wide range of modeling techniques was described. 
 
A wide range of experimental applications was discussed. 
 
Plasma and materials properties and mechanisms were covered. 
 
Much of the CERN/CLIC related work was updates.   
 CERN:  Tests of cavities and small gap arcs 
 SLAC:  Cavity testing some modeling and measurements of pulse heating damage 
 Helsinki:  Breakdown modeling, surface dislocations 
 Sandia:  Arc modeling in support of Helsinki model 
 European universities and labs:  starting experimental and modeling efforts. 
 
New data on arc damage in spark plugs 
 
New descriptions of dislocations. 
 
Many did not put their talks on the web, making it hard to summarize the conf. 
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Introductory talks 
 
Burkhard Juttner 
 General introduction to the field stressing how small areas cause big problems. 
 
Walter Wuensch 
 CLIC perspective 
 High gradient technology has many applications 
 Test areas: NLCTA, ASTA (SLAC), Nextef (KEK) Klystron and two beam (CERN) 
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Helsinki 
 
Helsinki in June is great. 
 
They use a number of models 

 

 

A European Collaboration. 
 
Model triggers 
   Arc evolution 
   Damage 
   Surface deformations 
   Metallurgy / morphology 
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The Helsinki group collaborates with: 
 
CERN 
 Combined effort to understand small gap experiments 
 Explanation of arc physics 
 
IPP Garching 
 Helsinki use IPP model for initial state of BD,  
 Sheath physics is dominant during BD phase. 
 
Upsala University 
 Experiments are starting to look at BD in an SEM 
 
Sandia 
 Sandia has a large effort modeling arcs of various geometries. 
 Cross checks between Sandia and Helsinki  (Hopkins, Crosier, ) 
 
And others. . . 
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Other Helsinki/related efforts: 
 
Stefan Parviainen 
 Studies of Atom Probe Tomography theory 
 Atomic motion and ion optics 
 
Steve Fitzgerald, Aarne Pohjonen and Marc Fivel 
 Study of dislocation and dislocation dynamics 
 Movies of dislocation loops flying through materials 
 
                      Insepov’s loops 
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Industrial interest 
 
Edgar Dullni, (ABB group) 
 Studies of commercial vacuum interuptors 
 
Joel Rasch (Chalmers-CNES_IAP Collab.) 
 Breakdown in aerospace 
 
Kamel Frigui  (Limoges/CRS Thales) 
 Breakdown in waveguide filters at atmospheric pressure (tuning stubs) 
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CERN (Calatroni) 
 
Modifying their arc gap to look at high frequencies, high rep rates. 
 Coaxial contacts 
 Large temperature range 
 Faster solid state electronics 
  
 
 
 
New results on cleanliness                         and surface modification (surface changes) 
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CERN (Aicheler) 
 
 SEM images of arcs in cavities and small gap system 
 
 They see arcs at the braze joint, far from the iris. 
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KEK 
 

Yasuo Higashi 
 Building a scanning Field Emission Microscope 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Lisa Laurant at SLAC is buying/building one of these. 
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SLAC 
 

Valery Dolgashev 
 Summary of recent SLAC results, frequently reported by others. 
 
 
 
 
 
 
 
 
 
Arno Candel 
 Summaries of Parallel Electromagnetic Accelerator Modeling results 
 ACE3P simulations of Waveguide operation 
 Field emission with space charge limit 
 
Pulsed heating  - evidence from changing cavity shapes, rf profiles & Brf fields 
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Richard Forbes 
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Guenter Mueller 
 

Uses Scanning Field Emission Microscope and SEM to find emitters in Nb. 
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John Power 
 
Study of how photoemission and field emission interact. 
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Flavio Soldera  ! ! 
 
 
 
 
 

 



 22  



 23 

 

 



 24 

 

Zeke and I . 
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We can understand the dense plasma / surface interaction.  
 
 
We are using Molecular Dynamics 
to study the dense sheath. 
 
 
 
 
 
 
 

 
The results are reasonable, 
and show how arc surfaces 
behave at high densities. 
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Summary 
 
The effort is becoming more interesting. 
 
More people, more approaches, more data. 
 
 


