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1. H i s t o r y  

Work on  Superconducting RF has been going on a t  Corne l l  s ince  1969. Th is  

paragraph i s  a  b r i e f  account o f  e a r l y  a c t i v i t i e s  which a re  s t i l l  o f  c u r r e n t  

importance. An 11 -ce l l ,  2856 MHz Nb m u f f i n - t i n  c a v i t y  was i n s t a l l e d  i n  t he  

C o r n e l l  12 GeV e l e c t r o n  synchrot ron f o r  1 year  i n  1974-1975.19233 Th i s  c a v i t y  

was anodized t o  400 R ,  and operated a t  an acce le ra t i ng  g rad ien t  o f  4  MeV/m a t  

a  Q0 o f  1 - log .  The lessons learned from t h i s  t e s t  were: ( 1 )  t he  magnet r i n g  

con ta ins  dus t ;  ( 2 )  t h i s  dus t  apparent ly  becomes charged and moves around due t o  

e l e c t r i c  f i e l d s ;  ( 3 )  e l e c t r o s t a t i c  p r e c i p i  t a t o r s  are reasonably e f f e c t i v e  i n  s topping 

t h i s  dus t  f rom e n t e r i n g  t h e  cav i t y ;  (4 )  t h e  c a v i t y  was operated p e r i o d i c a l l y  f o r  

s i x  months w i t h o u t  degradat ion o f  f i e l d  o r  QO; ( 5 )  the  c a v i t y  t o l e r a t e d  2 - l 0 - ~  

Torr -years  o f  gas exposure w h i l e  c o l d  w i t hou t  s i g n i f i c a n t  degradat ion;  ( 6 )  dus t  

which does g e t  i n t o  t he  c a v i t y  severe ly  degrades i t s  performance bu t  can be 

removed by detergent ,  water, and so lvents ,  bu t  no acids,  thereby r e s t o r i n g  the 

o r i g i n a l  performance; ( 7 )  weakly a t tached p a r t i c l e s  can reach incandescence; and 

( 8 )  t h e  c a v i t y  t o l e r a t e d  a t  l e a s t  123 kRad o f  i o n i z i n g  r a d i a t i o n  w i t hou t  degradat ion 

o f  i t s  performance. 

2 .  Work Completed Since t h e  1980 Kar ls ruhe Workshop on RF Superconduc t i v i t y  

A beam t e s t  was conducted s imul taneous ly  on two 5 - c e l l ,  1500 MHz Nb 

m u f f i n - t i n  c a v i t i e s  i n  the  Corne l l  8  GeV e+e- storage r i n g ,  C E S R . ~ ' ~  I t  

was demonstrated t h a t  these c a v i t i e s  a re  s u i t a b l e  f o r  use i n  a  50 GeV/beam 
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e+e- s torage r i n g  opt imized f o r  t he  use o f  superconduct ing c a v i t i e s .  Advantages 

o f  t h e  m u f f i n - t i n  s t r u c t u r e  a re  t h a t  a l l  h i g h - f i e l d  reg ions  are access ib le  f o r  

welding, inspec t ion ,  g r i nd i ng ,  and chemical t reatment .  Disadvantages a re  t h a t  

t he re  are an excess ive number o f  edges t o  machine and weld pe r  meter o f  s t r uc tu re ;  

the re  i s  f i e l d  cu rva tu re  which causes beam dynamics problems un less compensated 

by r o t a t i n g  a l t e r n a t e  modules; t he  s t r u c t u r e  i s  mechanica l ly  weak; h igher  o rder  

mode (HOM) e x t r a c t i o n  through t he  c e l l  w a l l s  induces l o c a l  m u l t i p a c t i n g ;  and 

t he  s t r u c t u r e  r equ i r es  use o f  an excessive amount o f  Nb. 

Since t h e  m u f f i n - t i n  s t r u c t u r e  i s  i n t r i n s i c a l l y  s u b j e c t  t o  m u l t i p a c t i n g ,  a  

method o f  groov ing t h e  cup bottoms by e l  ec t r o -d i  scharge rnachi n i  ng (EDM) was 

developed.6 These grooves were found t o  be e f f e c t i v e  i n  suppressing t he  

m u l t i p a c t i n g  which norma l l y  occurs i n  t h e  cup bottoms. 

A standard e l e c t r o n  beam weld generates a  vapor column which penet ra tes t he  

ma te r i a l  a t  t he  weld. Such welds r e q u i r e  su r face  g r i nd i ng ,  h i gh  temperature 

outgassing, and a d d i t i o n a l  g r i n d i n g  t o  equal t he  RF performance o f  unwelded 

ma te r i a l .  By scanning t h e  welder beam i n  one d i r e c t i o n  a t  4 kHz, and i n  t he  o the r  

d i r e c t i o n  a t  a  m i x tu re  o f  4 and ( 5  + eps i l on )  kHz, a  rhombic r a s t e r  i s  generated 

which penet ra tes t h e  ma te r i a l  by l e s s  than 10 microns. Nb i n  a  rhombic r a s t e r  

weld has been found t o  be a t  l e a s t  as good as t h e  sur rounding Nb, w i t h  no g r i n d i n g  

o r  o the r  spec ia l  t reatment .  

"Bubble c a v i t i e s "  have been made i n  one and m u l t i p l e  c e l l s ,  copper and Nb, 

and S-band and L-band. These c a v i t i e s  were hydroformed from p ipe  o f  s u i t a b l e  g r a i n  

s i ze .  Seven d i e  s i zes  and two anneals per c e l l  a re  requ i red .  6 

Nb having a  r es i dua l  r e s i s t i v i t y  r a t i o  (RRR) o f  12,000 was made by hea t i ng  

e lec t rodepos i  t ed  Nb t o  2200°C i n  an UHV furnace w i t h o u t  heat  sh i e l ds .  Un fo r tuna te ly ,  

t he  RF sur face  res i s t ance  o f  t h i s  ma te r i a l  was n o t  acceptable w i t hou t  rerne l t ing it.7 

Several improvements have been made i n  c a v i t y  p repara t ion .  It was found t h a t  

the bes t  so lven ts  we can buy c o n t a i n  about 100 p a r t i c l e s  o f  more than  1 micron 
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diameter per  cc. F i l t e r i n g  i s  d i f f i c u l t  because add i t i ona l  p a r t i c l e s  are d is lodged 

f rom the  f i l t e r  un less t h e  f i l t r a t i o n  i s  done extremely s lowly .  B e t t e r  f i l t r a t i o n ,  

p01 i sh i ng ,  and r e c i  r c u l  a t i o n  have been added t o  our demi nera l  i zed  water supply.  

Al though a  c lean room has long  been used f o r  f i n a l  r i n s i n g  o f  our  c a v i t i e s ,  c lean 

rooms o r  c lean  areas f o r  attachment o f  c a v i t i e s  t o  the t e s t  stands was r e c e n t l y  

imp1 emented. 

Increased s e n s i t i v i t y  o f  our  cryogenic thermometers has been achieved by 

improving t h e  thermal conduct ion from the  c a v i t y  t o  the  r e s i s t o r ,  and by improving 

the thermal i n s u l a t i o n  from t h e  bath t o  the  r e s i s t o r  ( us i ng  epoxy, vacuum, o r  

exchange gas). A  l o c k - i n  a m p l i f i e r ,  a  d i f f e r e n t i a l  br idge,  and a  reduced 

thermometer read-out power have been used when h i gh  s e n s i t i v i t y  (about 10 micro-  

degrees) i s  desired. 

A thermometer mu1 t i p l e x i n g  scheme which avoids co l d  mu1 t i p l e x e r s  (which have 

caused d i f f i c u l t i e s  i n  t he  pas t )  and avoids a  huge number o f  w i res emerging from 

the  c r y o s t a t  has been implemented. Imagine a  number o f  ho r i zon ta l  w i res and a  

number o f  v e r t i c a l  w i res  crossing,but no t  touching,the ho r i zon ta l  ones. Now 

connect a1 l h o r i z o n t a l  - v e r t i  ca l  pa i  r s  which cross each o the r  on the  p r i n c i p a l  

d iagonal  o f  t h i s  a r ray .  Connect thermometers ( r e s i s t o r s )  between ho r i zon ta l  and 

v e r t i c a l  w i res  where they cross if they cross t o  the  r i g h t  o f  the  p r i n c i p a l  

d iagonal .  Make no ex te rna l  connect ion t o  the  ho r i zon ta l  wires,  bu t  b r i n g  leads 

from each of the  v e r t i c a l  w i res o u t  o f  t he  c r yos ta t .  Apply a  vo l tage  t o  one w i re ,  

connect a  pseudo-ground current-measuring c i r c u i t  t o  another, and ground the  

remainder. By changing t h e  w i r e  t o  which the  v01 tage i s  connected and the  w i r e  

which measures t h e  cu r ren t ,  any thermometer can be read out .  

An improved method f o r  measuring Z T ~ / Q  (where Z i s  t he  impedance per  u n i t  

l eng th  f o r  i n f i n i t e  v e l o c i t y  p a r t i c l e s ,  and T i s  t he  t r a n s i t  t ime  f a c t o r )  has been 

devised us ing  t h r e e  m e t a l l i c  beads of equal l eng th  bu t  d i f f e r e n t  diameters. A 

computer code e x t r a c t s  t he  l o n g i t u d i n a l  e l e c t r i c  f i e l d  from the  pe r t u rba t i ons  
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caused a t  each l o c a t i o n  by each o f  t h e  t h r e e  beads. 

S c a l i n g  laws have been d e r i v e d  t o  p e r m i t  a  known Q, f requency,  and Z T ~ / Q  t o  

be t ransformed i n t o  a  d i f f e r e n t  Q, frequency, and Z T ~ / Q  which would y i e l d  t h e  

same beam i n s t a b i l i t y  t h r e s h o l d .  

The p o s s i b i l i t y  o f  u s i n g  pass i ve  damping c a v i t i e s  t o  suppress i n s t a b i l i t i e s  

caused by ensembles o f  o t h e r  c a v i t i e s  has been exp lo red  .8 C o n t r o l  l e d  f requency,  

s i n g l e  mode h i g h  impedances i n  u n d r i v e n  c a v i t i e s  can be used t o  s t a b i l i z e  t h e  

i n s t a b i l i t i e s  d r i v e n  by  o t h e r  damped c a v i t y  modes whose f requenc ies  a r e  n o t  

c o n t r o l l e d .  L i m i t a t i o n s  of t h i s  method a r e  t h a t  (1) one such c a v i t y  mode 

must be used f o r  each p o t e n t i a l  beam i n s t a b i l i t y  mode and ( 2 )  t h e  e f f e c t i v e n e s s  

o f  t h i s  method c l imbs  w i t h  i n c r e a s i n g  Q u n t i l  t h e  Q becomes so h i g h  t h a t  t h e  

o s c i l l a t i o n  "energy" i s  t raded  back and f o r t h  between t h e  beam and c a v i t y ;  above 

t h i s  Q, f u r t h e r  Q i nc reases  decrease t h e  damping e f f e c t i v e n e s s .  

C a v i t y  shapes which d e v i a t e  s l i g h t l y  f rom c y l i n d r i c a l  symmetry and which  

l o c k  t h e  1, 2 ,  and 3 Q mode p o l a r i z a t i o n s  so t h a t  b o t h  p o l a r i z a t i o n s  o f  each mode 

would coup le  e q u a l l y  w e l l  o u t  a  s i n g l e  c o u p l e r  have been developed. 

Imaginary  t h i n  i r i s e s  w i t h i n  a c t u a l  c e l l  i r i s e s  have been used c o m p u t a t i o n a l l y  

t o  e x p l o r e  passband behav io r  as a  f u n c t i o n  o f  t h e  t h i n  i r i s  d iameter .  As t h e  

t h i n  i r i s  d iameter  i s  i nc reased  from zero,  i t  was found t h a t  t h e  passband 

developed i n  t h e  canon ica l  f a s h i o n  u n t i l  t h e  passband be ing  s t u d i e d  and t h e  one 

above i t  approached each o t h e r .  As members o f  t h e  two passbands approached 

each o t h e r  ( w i t h  i n c r e a s i n g  i r i s  d iamete r ) ,  t h e  members o f  t h e  f i r s t  passband 

c l o s e s t  t o  t h e  second s t a r t e d  t o  converge. Based on t h i s  behav io r ,  t h e  g r e a t e s t  

s e p a r a t i o n  between modes occu r red  a t  i n t e r m e d i a t e  d iameters  o f  t h e  t h i n  i r i s  

d iameter .  

I t  has been recogn ized and c o m p u t a t i o n a l l y  v e r i f i e d  t h a t  f i e l d  e m i t t e d  

e l e c t r o n s  i n  an e l l i p t i c a l  c a v i t y  can bombard t h e i r  own emiss ion s i t e  o n l y  i f  

t h e  emiss ion s i t e  i s  s u f f i c i e n t l y  c l o s e  t o  t h e  p lane  o f  t h e  i r i s .  
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Breakdown f ield has been calculated as a function of thermal conductivity, 

defect size, defect R S ,  freauency, bath temperature, Nb thickness, and thermal 

impedance between the Nb and the bath. 

3. Current Activities 

Our principal activity a t  the present time i s  the preparation of two 

superconducting 1500 MHz 5-cel l e l l ipt ical  cavities for a beam te s t  (see Fig. 1 

and Fig. 2 . )  

FIGURE 1. Pair of iris-welded el l ipt ical  cups and cup with fundamental coupler. 

Although the 1982 beam te s t  showed that muffin-tins are suitable for use in 

a 50 GeV e+e- storage ring, we believe that e l l ipt ical  cavities will prove more 

suitable for this  purpose. There are no plans t o  build an e'e' storage ring of 

higher energy than PEP in the United States, b u t  we believe t h a t  i t  i s  important 
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FIGURE 2 
a t  t he  r 
fundamen 

F ive  ce l  l e l  l i p t i c a l  c a v i t y  showing two h igher  mode e x t r a c t i o n  coup1 e rs  
h t  (b lanked o f f )  and an associated shorted stub. On t he  l e f t  i s  the  
1 power coupler,  w i t h  a shorted s tub bo l t ed  t o  t he  i n p u t  f l ange .  

t o  es tab l  i s h  a technology base f o r  us ing  superconducting c a v i t i e s  t o  b u i l d  such 

a machine i n  t he  25 t o  300 GeV pe r  beam range should t he  physics i n d i c a t e  t h a t  

an add i t i ona l  machine i n  t h i s  range i s  warranted. 

The c a v i t i e s  being prepared have two h igher  o rder  mode waveguide couplers 

a t  r i g h t  angles i n t e r s e c t i n g  t h e  beam p ipe  a t  one end o f  t he  c a v i t y ,  and a 

fundamental power coup l ing  waveguide i n t e r s e c t i n g  the  beam p ipe  a t  t h e  o the r  

end o f  t he  c a v i t y .  

The HOM Z T ~ / Q '  s have been measured ex tens i ve l y  and s tud ied computational l y . 
The Qext values o f  these modes have been measured. The qeometry o f  t he  HOP 
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couplers has been opt imized t o  maximize the  damping o f  the most dangerous modes, 

wh i l e  preserv ing adequate damping of o ther  modes. 

Several nomina l l y  i d e n t i c a l  copper models were b u i l t ,  t h e i r  fundamental modes 

were tuned t o  t he  proper  frequency, and t he  spread i n  t h e i r  HOM f requencies was 

then measured. Th is  informat ion, together  w i t h  the  ZT'/O and next values, was 

used t o  compute i n s t a b i l i t y  thresholds f o r  both t he  planned t e s t  i n  CESR and f o r  

use i n  an e'e' s torage r i n g  opt imized f o r  50 GeV/beam operat ion.  Calcu la t ions 

done t o  date i n d i c a t e  t h a t  f u l l  cu r ren t  beam s t a b i l i t y  i n  such a machine would 

be assured down t o  i n j e c t i o n  energies as low as 2 5  GeV. 

The fundamental power coupler  i s  conceptual ly  s i m i l a r  t o  the  one used on 

the  m u f f i n - t i n .  Coupling t o  t he  f o u r  unwanted passband members i s  enhanced by 

v i r t u e  o f  t h e i r  d i f f e r e n t  f requencies.  A shorted narrow waveguide s tub extending 

from t h e  fundamental waveguide sho r t  enhances coupl i n g  t o  some low frequency HOM'  S. 

Although we have n e i t h e r  ca l cu la t i ons  nor  measurements showing t h a t  i t  i s  

necessary, t h e  severe problems w i t h  t he  " f a s t  head- ta i l  i n s t a b i l  i ty" i n  PETRA 

and PEP l e d  us t o  use a design which preserves the r o t a t i o n a l  symmetry of the 

wakef ie ld seen by t h e  t a i l  o f  t he  bunch and generated by the  head and center  of 

t h e  bunch on t h e  same pass through t he  c a v i t y .  Causa l i t y  and " l i g h t  cones" are 

used t o  e s t a b l i s h  t h e  reg ion  w i t h i n  which c y l i n d r i c a l  symmetry must be preserved. 

With c y l i n d r i c a l  symmetry preserved, ca l cu la t i ons  have been done which show t h a t  

t h i s  c a v i t y  design would n o t  cause t he  " f a s t  head- ta i l  i n s t a b i l i t y "  t o  occur i n  

an opt imized 50 GeV per  beam e'e- storage r i n g .  

Tuning o f  t h e  c a v i t i e s  i s  accomplished by changing t he  spacing between two 

r i ngs ,  clamped t o  grooves i n  t h e  equators o f  c e l l s  1 and 5, respec t i ve ly .  The 

mechanism i s  d r i v e n  by s tepping motors immersed i n  the l i q u i d  helium, as was 

done w i t h  t h e  m u f f i n - t i n s .  Stepping motors a re  a l so  used on coupl i n g  ad jus te rs  

mounted on t he  fundamental power couplers.  

F ive  f i v e - c e l l  e l l i p t i c a l  c a v i t i e s  have been b u i l t  t o  date, the l a s t  th ree  
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of these cavities being equipped with integral fundamental and higher order mode 

couplers. The l a s t  two of these cavities have had their  cups (Fig. 2 )  treated 

with yttrium, approximately tripling their  thermal conductivity. The cavities are 

cleaned with buffered chemical p01 ish (Fig. 3 ) ,  water, hydrogen peroxide, and 

methanol . 

FIGURE 3 .  A five-cell cavity emerging from the buffered chemical p01 ish. 
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The resul ts  achieved with the three cavities with couplers are l is ted in 

Table I .  

Present plans call  for  the use of LE5-4 and LE5-5 in the beam tes t .  LE5-4 

was chosen in preference t o  LE5-3 because LE5-3 does n o t  have improved thermal 

conductivity, and would be more adversely affected by dust. 

Several problems related t o  the couplers occurred durinp development of the 

e l l ip t i ca l  cavities.  One problem was t h a t  a 90° inside corner was inadvertently 

l e f t  a t  a low f ie ld  location inside the fundamental power coupler when i t  was 

realized that  the magnetic f ie ld a t  this  corner diverges as r 3 ,  where r i s  

the distance from the corner, and t h a t  this  divergence was causing breakdown, the 

corner was radiussed. A second problem was that ,  in the process of deep drawing 

some coupler parts,  some Nb was scraped off the sides of the parts and coined 

into the bottom; th i s  problem was not visible by inspection until considerable 

chemistry had been done, b u t  the weak RF currents in the region were immediately 

aware of the problem. A third problem was t h a t  there i s  a mode trapped in the 

HOM coupler a t  the beam pipe. This mode i s  adequately damped by the fundamental 

coupler, but the f ie ld  reference probe had t o  have i t s  coupling weakened t o  avoid 

coupling out too much HOM power through th i s  probe. 

Other current work includes testing of one-cell 1500 MHz cavities,  primarily 

to  study f i e l d  emission and evaluate benefits of higher R R R  a t  L-band. I n  nine 

different t e s t s  on one of these cavities, an yttrium-treated reactor grade cavity, 

TABLE I 

Bp, mT 

41.6 
37.4 

71.5 

Field limit 

Thermal -magnetic. 
Defect, cell 3, 2 . 5  cm 

from equator. 
Cell 1 ,  near b u t  not a t  

an i r i s .  Defect or 
f ie ld emission. 

QO, a t  
E- 
7 . 1 0 ~  

3 . 1 0 ~  

2-log 

E p ,  MV/m 

23 

20 

39 

Cavity 

LE5-3 

LE5-4 

LE5-5 

Eacc ,  MV/m 

8.9 

8.0 

15.3 

OQ,  low 
f ie ld  
9 . 1 0 ~  

- 

4.2.109 
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low f i e ld  Q O 1 s  have ranged from 1-101° t o  5.8-101°, peak surface magnetic f i e lds  

ranged from 40 mT to 85 mT, and peak surface e l ec t r i c  f i e ld s  ranged from 16 MV/m 

to  34 MV/m (note that  the peak magnetic to  peak e lec t r i c  ra t io  i s  d i f ferent  t h a n  

f o r  the five-cel l uni ts )  . 
Col l aboration with industry (Fansteel ) and another laboratory (Ames) to 

produce high R R R  Nb continues. Material produced to  date has a typical R R R  of 80, 

b u t  most of the residual impurity can be removed with yttrium o r  titanium, as 

RRR's between 300 and 700 have been achieved t h i s  way. Many R R R  measurements are 

routinely made in conjunction w i t h  t h i s  work. Two precautions should be kept in 

mind when using the yttrium or titanium purification procedures. One i s  t h a t  the 

yield strength of the material i s  greatly reduced; the second i s  that  the BCS 

losses are  increased. 

Work with reabsorption of surface oxygen into deoxidized Nb i s  in progress. 

This method offers  the promise of a possible method to eliminate surface oxides 

from an ins ta l led cavity. 

Following e a r l i e r  work in which we hand-ground defects whose locations were 

identif ied by thermometers, we a re  now using motorized grinders patterned a f t e r  

ones bu i l t  a t  wupperta19 and DESY. A computer program.selects the proper grinding 

wheel and provides instructions f o r  se t t ing d i a l s  to  get  the grinder t o  the 

selected location without any unwanted col l is ions  w i t h  the walls of the cavity. 

Following A. Sep t ie r ' s  report a t  the 1980 Karlsruhe ~ o r k s h o ~ l O  and the recent 

discovery a t  CERN that  thick anodized layers can suppress RF f i e l d  emission, l l 

we have also s tar ted exploring the effects  of various anodization thicknesses. 

Work i s  i n  progress to  equip our electron beam welder with computer controls 

and to  explore the f ea s ib i l i t y  of controlling the weld puddle temperature by 
0 

measuring the ra t io  of 2500 8 l i gh t  to  7000 A l i gh t .  

Work i s  also i n  progress to improve the degree of automation of the cryogenics 

used fo r  the beam t e s t ,  and of the apparatus used fo r  the routine test ing of cavi t ies .  
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A computer s imu la t i on  i s  be ing developed t o  exp lo re  the reason t h a t  t ransverse 

bunch d i p o l e  modes a re  commonly seen i n  e l e c t r o n  s torage r i ngs ,  bu t  quadrupole 

and h i ghe r  m u l t i p o l e  modes a re  no t .  I t  i s  hypothesized t h a t  t h e  cu rva tu re  o f  the  

RF r e s t o r i n g  f o r c e  w i t h  l o n g i t u d i n a l  p a r t i c l e  p o s i t i o n  prov ides Landau damping f o r  

i n t e r n a l  bunch modes, b u t  n o t  f o r  the  r i g i d  bunch mode. 

4. Fu tu re  A c t i v i t i e s  

When the beam t e s t  and enhanced thermal c o n d u c t i v i t y  work a re  completed, we 

expect t o  have t h e  technology base i n  hand t o  b u i l d  e l l i p t i c a l  c a v i t i e s  f o r  an 

e'e' s torage r i n g  of energy up t o  300 GeV/beam. I t  i s  our  op in ion ,  however, t h a t  

t h e  nex t  e+e' c o l 1  i d e r  of i n t e r e s t  i s  l i k e l y  t o  have 1 TeV/beam, and t h a t  l i n e a r  

c o l l i d e r s  would be more economical a t  t h i s  energy than s torage r i n g s .  

I n  o rde r  t o  make t h e  cos t  o f  such a  machine a t t r a c t i v e ,  superconduct ing 

c a v i t i e s  ope ra t i ng  a t  f i e l d s  apprec iab ly  above values p resen t l y  achieved f o r  

s to rage  r i n g  c a v i t i e s  a r e  needed. 

A  f i r s t  o b j e c t i v e  i s  t o  exp lo re  t h e  phase spaces o f  c o l l i d e r  parameters (such 

as emit tance, bunch charge, bunch length,  bunch spacing, beamstrahlung, and 

CW vs.  pulsed) and o f  c a v i t y  parameters (such as f i e l d ,  Q, HOM damping, i n t e r c e l l  

coupl ing,  number of c e l l s  per  c a v i t y ,  frequency, and CW vs. pulsed) t o  f i n d  optimum 

combinat ions.  

2 I n s o f a r  as t h e  Q i s  an impor tan t  parameter, and needs t o  increase as Emax, 

work w i l l  be undertaken t o  exp lo re  t he  na tu re  o f  su r face  res is tance .  Measurements 

w i l l  be made t o  determine what f r a c t i o n  o f  t he  losses a re  due t o  d i s t r i b u t e d  

sources and what f r a c t i o n  t o  d i s c r e t e  sources. 

P i l l b o x  TE and n e a r l y  hemispher ical  TM c a v i t i e s  w i l l  be used w i t h  f l a t  

t e s t  p l a t e s  t o  determine whether the  losses a re  predominant ly e l e c t r i c  o r  

magnetic, and t o  p rov ide  removeable t e s t  p l a t e s  whose sur faces can be s tud ied  t o  

l ook  f o r  c o r r e l a t i o n s  between sur face  losses  and sur face  p rope r t i es .  Such 

c a v i t i e s  w i l l  be used i n  con junc t ion  w i t h  s e n s i t i v e  thermometry. E f f o r t s  w i l l  

Proceedings of SRF Workshop 1984, Geneva, Switzerland SRF84-3



be made t o  understand and eliminate the source of the losses. 

Field emission studies using f l a t  plates and micro-positioned needles will 

be used to study f ie ld  emission causes. Surface analysis instruments will be 

used t o  try to understand the nature, source, and means of suppression of the 

emitters. Close cooperation with other laboratories en~aged in similar work i s  

envisioned. 

If pulsed RF looks at t ract ive,  either for use in an accelerator or for 

diagnostic purposes, apparatus suitable for this  purpose will be bui l t .  

Cavities similar t o  those used for  surface resistance studies will also be 

used for  thermal breakdown studies, again in conjunction with thermometry and 

surface analysis instruments. In addition to suppressing the breakdown caused 

by defects (by using high thermal conductivity Nb), effor ts  to eliminate the 

source of the defects will be made. 

Improvements made by the preceding methods will be verified by tes ts  on 

single cell e l l ip t ica l  cavities,  and la ter  incorporated in structures optimized 

for l inear col l ider use. 
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