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¥ Experim ent s in Fermilab MuCool Test  Area (MTA) 
  J . Norem, Argonne 
  A. More t t i, A. Bross, Z. Qian, B. Norris , FNAL 
  Y. Torun, I I T 
  D. Li, M. Zisman, S Viro st ek  LBNL 
  R. Rimmer,  J Lab  
  R. J ohnson,  P. Hanlet ,  et . al,  Muons I nc.  
  + many ot hers  
 
¥ Modeling 
  Z. I nsepov, A. Hassanein, ANL 
 
¥ Surf ace st udies at  Nort hwest ern Univ. 
  D. Seidman, K. Yoon, NW 



 Out line 
 
¥ St at us 
 

¥ Experim ent al quest ions 
 

¥ Experim ent al program 
 

¥ Support ing ef f or t s 
 

  Modeling 
 

  At om Pr obe Tomography 
 



Our  r f  pr ogr am has r est ar t ed in t he Mucool Test  Ar ea (MTA).  
 
¥ RF in t he MTA  is now f ully underway. 
 
¥ I nit ial result s  
 

- 805: Curved windows oper at e st ably. 
 

    We see similar problems (as in Lab G dat a) wit h B f ields limit ing E f ields 
 

 - 201 Condit ioned quickly t o 16 MV/ m,  wit hout  B f ield 
 
¥ We are  inst alling inst rument at ion, t est ing DAQ, f ixing minor pr oblems 



We want  t o know:  
 

 ¥ What  gr adient  can we st ably t o run at ?   What  causes t he limit s? 
 

 ¥ What  are  t he limit s imposed by B f ields?  How well does condit ioning work ? 
 

 ¥ Do curved windows produce st able operat ion? 
 

 ¥ Can dif f erent  mat eria ls impr ove t hings? 
 

 ¥ What  happens at  high gas pr essures? 
 

 ¥ How can we reduce x-ray backgrounds?  To what  level?  (f or MI CE) 
 
Challanges 
 

 ¥ Experim ent s wit h t he 201 MHz cavit y are  cumbers ome. 
 

 ¥ Need some ext rapolat ion in B f ield (have 1.5T, need 2.5 T). need coupling coil . 
 

 
 



 

High solenoidal magnet ic f ields ar e a pr oblem.  
 
 ¥ I f  mechanical st ress causes breakdown, magnet ic f ields can make t hings wors e 
 

 ¥ Pre liminary  dat a roughly support  t his model. 
 

 ¥ Ot her ef f ect s (magnet ic conf inement  of  damage) may cont rib ut e.  

 
 
 
 
 
 
 
 
                                          J  x B f or ces ÒunscrewÓ emit t ers  

 
 
 ¥ This can be ÒcuredÓ wit h high work  f unct ion mat eri als. which reduce f ield  
  emission.  We need mat eria ls st udies.

 



MuCool Test  Ar ea Exper iment al Pr ogr am 
 

¥ 805 MHz cavit y 
!   Curved windows  Flat  Be windows produced unst able oper at ion at  high powers .  
   Curved windows are  st able up t o 32 MV/ m accelerat ing f ield in t he MTA. 
 

  Magnet ic f ield st udies     Muon Cooling is more  ef f icient  at  high B f ields.  We 
   have f ound B f ields degrade elect ric  f ields.  Can we condi t ion wit h B? 
 

  But t on t est s of  dif f ere nt  mat eria ls  We need t o unders t and damage in  
   ot her  mat eria ls.  We wil l t est  Mo, Be, Ta, Nb, SS, W, but t ons against  Cu. 
 

  High pre ssure cavit ies    High pressures may increase accelerat ing f ields. 
   Muons I nc wil l be t est ing t heir cavit y w and w/ o B f ield. 
 

¥ 201 MHz cavit y 
  Condit ioning and bre akdown st udies    We have been ver y successf ul wit h  
   polishing and HPW r insing (16 MV/ m).  Clean surf aces may give bet t er   
   perf ormance wit h B f ield.  (Highest  prio rit y).  Pulsed heat ing of  curved  
   windows 
 

  Magnet ic f ield st udies   MI CE needs 8 MV/ m wit h 2.5 T.  Our solenoid   
   gives 1.5 T on one side of  t he cavit y.  We see mult ipact or  wit h t he B f ield on. 
   Mult ipact or issues: TiN  coat ing whole inside surf ace,  Modeling orb it s. 



 
 

 

Our  805 MHz pr ogr am.  
 
Prim ary  varia bles: 
 
¥ Operat ion: 201 vs. 805 MHz. 
 
¥ Magnet ic f ield:  0 Ð 5 T solenoid on t he 805. 
 
¥ Mat eria ls:  Cu, Be, SS, Mo, Mo(alloys), W, Nb 
 
¥ High Pressure (Muons I nc.)  H2 and He 
 

¥ Window Geomet ry  

 
 
 
 
 

       Muons                                                              But t on  
      I nc.                                                          Test  Assy.



 
 

201 MHz Pr ogr am.  
 

¥  Condit ioning /  breakdown, window t est s. 
 
¥ B f ield t est s 
 
 
 
 



I mmediat e goals:  
 

¥ 805:  Can we see condit ioning ef f ect s wit h a magnet ic f ield? 
 

¥ 201:  Measure x-ray backgrounds f rom t he 201 
            Nondest ruc t ively ÒcureÓ mult ipact or.  
     Condit ion wit h signif icant  B f ield. 
 
 
 

Pr esent  Schedule  
 

       805        201 
Marc h       Magnet ic f ield t est      Condit ioning no f ield  !  
 
3/ 20 Ð 3/ 29   Muons I nc. B On     Of f  
       
April  +    B Field and But t on t est s    Condit ioning w B f ield 



 

Modeling:   Br eakdown is dif f icult  t o under st and.             Hokusai 1818 



Why isnÕt  br eakdown bet t er  under st ood?  
 
Experim ent al problems   Very  small t rig ger signal,   Lot s of  st ored energy, Very  
f ast  t rig ger,  Ext ensive damage.  Mechanisms are  complex.  Syst ems are  complex,  
BD very  sensit ive t o some paramet ers . 
 
Many Varia bles   Surf ace f ield, Micro t opography, Chemist ry , Mechanical ef f ect s, 
Gas pressure Gas composit ion, Magnet ic f ield, Frequency: (HF, LF, DC), Hist ory , 
Pulse lengt h, Accelerat ing f ield, enhancement  f act or,  ! , mat eria l, dat a covers  a 
very  wide dynamic range, t emp, geom. dependence of  BD rat e, Local power  
densit ies, Fat igue, plasma spot , surf ace heat ing 
 
 

Dat a is incomplet e Limit ed range of  experim ent s at  dif f erent  f acil it ies, 
I nst rument at ion is dif f icult  



We aspir e t o be t he leader s in High Gr adient  RF St udies 

 
¥ Because we used low f requency cavit ies, t hin windows and high B f ields, we wer e 

able t o accumulat e high qualit y rf  dat a.  We have also used mat eri al science dat a 
f rom At om Probe Tomography t o look at  t he microscopic processes involved.   

 
¥ Alt hough vit al t o many f ields, breakdown t heory  is st il l developing. 
 
¥ Our ef f ort  has produced: 
  A model of  bre akdown t hat  seems compat ible wit h most  dat a. 
  A model of  cavit y opera t ion t hat  explains most  rf  dat a. 
 
¥ ANL is proposing a new modeling ef f ort   (3yr ) f or:  
  High gradient  rf  operat ion used f or muon cooling  
  St udy of  elect ric  f ield limit s f or t he I LC st ruc t ures and klyst rons 
  St udy of  high gradient  limit s of  Mult i- TeV warm colliders (CLI C) 
  Analysis of  sample f ailure modes f or At om Probe Tomogr aphy 
 
¥ NU/ ANL is proposing At om Probe St udies (t o t he I LC).



We would like a model which can pr edict  EVERYTHI NG.  .  .  
 
¥ . . . but  donÕt  have it  yet .   
 
¥ Loose ends: cont ri but ion of  f at igue, plasma spot s, heat ing et c, 
 
¥ Need dat a: damage spect ra in a varie t y of  enviro nment s. 
 
¥ We are  making great  pr ogress. 
 
¥ Ref ereed papers : 
  - X ray measurement s,                          Phys. Rev. STA B, 6, 072001 (2003) 
  - Trig gers  f or bre akdown,                     NI M A 537, 510, (2005) 
  - Molecular dynamics of  breakdown,      Phys. Rev. STA B, 7, 122001 (2004) 
  - Magnet ic Field Ef f ect s,                      Phys. Rev. STA B, 8, 072001 (2005) 
  - Surf ace damage and rf  oper at ion,       submit t ed t o Phys. Rev. STA B (3/ 06) 
                                                                      www-mucool.f nal.gov/m cnot es/p ublic/p df /m uc0330/ muc0330 .pdf  

 
 
¥ The model seems t o be t elling us how t o minimize damage (maximize f ield). 



 

Modeling Example:  Kilpat r ick Limit  
 

¥ Our model assumes t hat  increasing surf ace damage, (because of  longer  
discharges, more  st ored energy, et c) wil l increase t he maximum enhancement  
f act or,  ! eq, t hat  is produced in a f ully condit ioned cavit y, lowerin g t he Emax.  

 
¥ This argument  can be used t o generat e  
 a dependence of  Esur f ,Max on f requency,  
 which can r eproduce t he Kilpat ric k limit . 
 
¥ We predic t  many many ot her  aspect s  
 of  rf  st ruc t ure behavior:  
  pulse lengt h 
  pressure 
  condit ioning 
  mat eria ls 
  t emperat ure 
  et c. 
 
 



 

New inst r ument at ion:  At om pr obe Tomogr aphy 
 
¥ We argue t hat  mechanical st ress t rig gers  breakdown. 
 
¥ We can look at  high st resses and complex oxides wit h t his t echnique. 
 
¥ This t echnique is incredibly sensit ive and precise. 

 



 

We need t o under st and oxides.  
 
¥ Oxides are  gener ally st ronger t han met als.  Under  high st resses t hey expand 
 dif f erent ly and may f r act ure .   Sample f ailures occur at  oxide/ met al int er f ace. 
 
¥ We have dat a on war m Cu.  Dif f erent  samples show dif f er ent  oxide paramet ers .  
 
¥ Example: Niobium Oxide 
   f or I LC.   
 (it Õs bet t er looking dat a) 



Conclusions 
 
¥ We are  f ully operat ional and glad t o be t aking dat a. 
 
¥ We need t o look at  a lar ge paramet er space, st art ing wit h magnet ic f ield 

ef f ect s.  A coupling coil  would be very  helpf ul. 
 
¥ MI CE paramet ers  are  an immediat e goal. 
 
¥ Support ing pr ograms in modeling and At om Probe Tomography should help us 

unders t and our dat a and solve problems.  We are  looking f or separat e f unding. 
 


