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Abstract 

The paper describes the proposed design for the 476 MHz 
accelerating cavity for the SLAC/LBL/LLNL B-Factory. This 
machine will require a high power throughput to the beam 
because of the large synchrotron radiation losses, and very low 
impedances for the higher order modes because of the high 
current proposed. Use of conventional construction in copper 
means that careful consideration has to be paid to the problem 
of cooling. The need for a high shunt impedance for the 
accelerating mode dictated the use of a re-entrant shape. This 
maximized the impedance of the fundamental mode with 
respect to the troublesome longitudinal and deflecting higher 
order modes, when compared to open or “bell shaped” designs. 
A specialized damping scheme was employed to reduce the 
higher order mode impedances while sacrificing as little of the 
fundamental mode power as possible. This was required to 
suppress the growth of coupled bunch beam instabilities and 
minimize the workload of the feedback system needed to 
control them. A window design capable of handling the high 
power was also required. 

I. INTRODUCTION 

The B-Factory RF system is required to meet the demands 
of a high luminosity, and therefore high current, while 
operating in a reliable manner befitting the “factory” 
philosophy of the project [ 11. Choices of the parameters of the 
RF cavity are intended to be conservative and reasonable 
extrapolations from existing technology. The chosen frequency 
of 476MHz is a subharmonic of the SLAC linac frequency, to 
allow for stable injection. Commercial IMW Klystron designs 
can be made to work at this frequency The very large beam 
currents, 1.48A in the High Energy Ring (HER) and 2.14A in 
the Low Energy Ring (LER), require up to 1OMW and SMW 
respectively to replace the energy lost to synchrotron radiation, 
cavity wall heating, and other effects. The need for short 
,bunches (ai =Icm). requires a voltage of 18.5MV for the 
HER, 9SMV for the LER. Unfortunately the number of 
cavities over which the power can be distributed must be kept 
to a minimum because, with such large currents, the 
impedances of higher order modes (HOMs) will cause very 
large longitudinal and transverse coupled-bunch instablility 
growth rates. Even so it is necessary to provide damping of 
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these modes in the cavities and an active bunch-by-bunch 
feedback system in each ring to control this. Since most of the 
power goes into the beam, the saving in RF power from using 
superconducting cavities would not be large, and has to be 
weighed against the increased complexity associated with the 
cryogenic system. Also the technology for coupling such large 
drive and HOM power to and from a superconducting cavity is 
not yet mature. For these reasons and because expertise in the 
project team is primarily with room temperature structures, 
conventional copper construction was preferred. Single cell 
cavities of a re-entrant design were chosen to maximize the 
shunt impedance of the fundamental mode with respect to 
HOMs. It-was decided to limit power to 500kW in each cavity 
(and window), of which up to 150kW is dissipated in the 
walls, yielding 20 cavities in the HER and 10 in the LER. 
This gives a gap voltage in the cavities of less than IMV and 
an average field of about 4.3MV/m. The high wall dissipation 
requires careful attention to be paid to the cooling system, 
especially around structures such as the damping waveguides, 
which may have localized concentrations of current 
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Fig.1: Basic B-Factory cavity shape 

II. CHOICES FOR CAVITY PARAMETERS 

Cavity designs and commercial 1MW CW klystrons are 
available at around 350MHz and 5OOMHz. PEP, LEP and APS 
use 350MHz. while Daresbury (SRS). KEK and ALS operate 
at 5OOMHz. A frequency in the higher region was chosen 
because less overvoltage is required in the cavity to achieve the 
short bunch length and mom bunches can be circulated. 

The type and shape of the cavities is determined by the 
need to maximize the fundamental mode shunt impedance with 
respect to HOMs. This is best achieved with a re-entrant or 
“nose-cone” shape. With conventional copper construction, an 
open or bell shape, as often used in superconducting cavities, 
does not work as well in this respect. The shape chosen (fig.1) 
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is sim i lar to  th o s e  u s e d  in  th e  S R S . K E K  a n d  A L S , wi th a  
b e a m  p i pe  in terna l  rad ius  o f 4 .8 2 5 c m ...(co m ing  f rom th e  
in terna l  d imens ions  o f a  sta n d a r d  s ized 1 O cm O D  p i pe  u s e d  fo r  
th e  v a c u u m  c h a m b e r  in  the  RF straight ). Analys is  o f th e  
bas ic  s h a p e  was  d o n e  us ing  th e  2 D  U R M E L  c o d e  [2 ] S ing le  
cel ls w e r e  chosen  to  k e e p  th e  n u m b e r  o f H O M s  to  a  
m in imum, in  m u lti-cell s tructures th e  coup l i ng  b e tween  cel ls 
resul ts in  m o r e  m o d e s . 

U R M E L  calcu lates th e  transit tim e  cor rec ted s h u n t 
i m p e d a n c e  R , ( = V 2 /2 P )  fo r  th e  bas ic  s h a p e  to  b e  a b o u t 
5 .3 M R  with a  Q  o f 4 5 ,o o O  a n d  R /Q  o f 1 1 6 R . In  a  rea l  cavity 
th is  i m p e d a n c e  is d e g r a d e d  by  th e  add i tio n  o f p o r ts a n d  
d a m p ing  wavegu ides  a n d  by  th e  e ffect o f wal l  te m p e r a tu r e  o n  
th e  conduc tivity o f th e  c o p p e r . Expe r i ence  with o th e r  des igns  
sugges ts a b o u t 1 0 %  wil l  b e  lost wi th th e  add i tio n  o f th e  tu n e r , 
dr ive’a n d  o th e r  p o r ts. Us ing  M A F IA  [3 ] a n d  A R G U S  [4 ] to  
study  th e  3 D  s h a p e  shows  a  loss o f 1 0 %  o r  less in  th e  
fu n d a m e n ta l  m o d e  R S  a n d  Q  w h e n  th e  d a m p ing  wavegu ides  a r e  
a d d e d  (R/Q  stays a b o u t th e  s a m e ) . B a s e d  o n  ex t rapo la t ion  f rom 
exist ing cavit ies a n d  th e r m a l  stud ies  us ing  A N S Y S  [S ], loss o f 
e fficiency  d u e  to  sur face te m p e n tu r e  r ise m a y  b e  as  h i gh  as  
1 4 %  with 1 5 0 k W  d iss ipated in  th e  cavity. Thus  a  pract ical  
s h u n t i m p e d a n c e  o f 3 .5 M R  with a  Q  o f a b o u t  3 0 .0 0 0  shou ld  
b e  ach ievab le ,  ( tab le  1 ) . 

T o  g e t th e  requ i red  m a tch  a t th e  n o m ina l  o p e r a tin g  
currents  requ i res  a  coup l i ng  factor  0  o f a b o u t 3 .7 . L o o p  a n d  
a p e r tu r e  coup le rs  w e r e  cons ide red , th e  l oop  has  th e  a d v a n ta g e  
th a t the -coup l i ng  factor  can  b e  ad jus ted  by  ro ta tin g  it, b u t it 

. m u s t b e  wel l  coo led  b e c a u s e  o f th e  very h i gh  sur face current  
densi t ies.  A n  a p e r tu r e  has  th e  a d v a n ta g e s  o f sim p licity a n d  
lower  sur face currents  b u t m a y  n e e d  a  la rger  o p e n i n g  in  th e  
cavity a n d  requ i res  a  s l id ing shor t  circuit in  th e  w a v e g u i d e  to  
ad just  th e  m a tch  wh ich  m a y  b e  a  p r o b l e m  b e c a u s e  o f lim ite d  
space  in  th e  tu n n e l . A  l oop  is fa v o r e d  b e c a u s e  o f th e  
c o m p a c tness  a n d  adjustabi l i ty  a n d  b e c a u s e  o f th e  exper ience  o f 
th e  S L A C  te a m  with th is  typ e  o f coup ler .  

E ith e r  typ e  o f coup le r  requ i res  th e  use  o f a  v a c u u m  
w i n d o w  a t s o m e  po i n t. Exist ing des igns  us ing  a  ceramic  
w i n d o w  in  th e  a p e r tu r e  o r  as  p a r t o f th e  l oop  structure a r e  n o t 
wel l  su i ted to  such  h i gh  p o w e r  levels. It was  dec i ded  to  locate 
th e  w i n d o w  wel l  away  f rom th e  h a r m fu l  cavity sta n d i n g  wave  
fie lds.  wh ich  m a y  evanesce  s o m e  d is tance into th e  w a v e g u i d e . 
us ing  a  sim p le  w a v e g u i d e  w i n d o w . Des igns  a r e  b e i n g  
d e v e l o p e d  commerc ia l l y  fo r  5 0 0 k W  C W  o p e r a tio n . T h e  
locat ion o f th e  w i n d o w  in  th e s e  des igns  requ i res  th a t p a r t o f 
th e  w a v e g u i d e  b e  evacua te d  wh ich  m a y  inc rease  cond i t ion ing  
tim e . A n ti-m u ltipac to r  coa tings  wil l  b e ’ app l i ed  to  th e  
w indows  a n d  m a y  b e  u s e d  o n  o th e r  sur faces if any  p rob lems  
a r e  e n c o u n te r e d  with excess ive m u ltipac to r  du r i ng  
cond i t ion ing.  

Ac tive  tu n i n g  o f th e  cavit ies is p r o p o s e d  to  b e  d o n e  by  
m o tor i zed  p lunge rs  o f th e  typ e  u s e d  in  P E P . T h e s e  h a v e  
c a r b o n  b rushes  to  p r e v e n t H O M  p o w e r  f rom g e ttin g  into th e  
bel lows.  A n  in terest ing a l ternat ive is to  distort th e  cavity 
sl ightly by  ex terna l  p ressure  to  c h a n g e  its f requency.  Th is  has  
th e  a d v a n ta g e  th a t n o  ho l e  n e e d s  to  b e  cut in  th e  cavity wal l .  
B o th  o f th e s e  m e th o d s  wil l  b e  invest igated in  m o m  d e tail. 

Tab le  1 : RF  P a r a m e ters  fo r  th e  h i gh  a n d  low e n e r g y  r ings.  

P a r a m e te r  H E R  L E R  
RF  f requency  (MHz)  4 7 6  
B e a m  current  (A )  1 .4 8  2 .1 4  
N u m b e r  o f cavit ies 2 0  1 0  
S h u n t Im p e d a n c e  Rs* (MR)  3 .5  
G a p  V o lta g e  ( M V )  0 .9 3  0 .9 4  
Acce lera t ing  g r a d i e n t ( M V /m )  4 .2  4 .3  
W a ll loss/cavity (kw) 1 2 2  1 3 0  
Coup l i ng  factor  wi thout  b e a m  (p)  3 .7  3 .8  
U n l o a d e d  Q  o f cavity 3 0 0 0 0  

* Rs = V 2 /2 P  

T h e  h i gh  b e a m  currents  h a v e  th e  p o te n tia l  fo r  very h i gh  
c o u p l e d - b u n c h  instabi l i ty g r o w th  ra tes, requ i r i ng  spec ia l  
a tte n tio n  to  b e  pa i d  to  th e  H O M  i m p e d a n c e s  o f th e  cavit ies. 
Exist ing d a m p ing  techn iques  us ing  external ly  app l i ed  tu n e d  
coup le rs  h a v e  n o t p r o v e d  e ffect ive e n o u g h  to  m e e t th e  B -  
Factory r e q u i r e m e n ts, a n d  r e d u c e  th e  g r o w th  ra tes  to  a  level  
w h e r e  a n  economica l l y  feas ib le  fe e d b a c k  system cou ld  take  
con trol. Fo r  th is  app l ica t ion  d a m p ing  wavegu ides  w e r e  
i nc luded  in  th e  des ign  o f th e  cavity r ight  f rom th e  sta r t. T h e s e  
wavegu ides  a r e  d e s i g n e d  to  p r o p a g a te  a t th e  H O M  f requenc ies  
a n d  a r e  pos i t ioned to  coup le  m o s t s t rongly to  th e  m o s t 
t roub lesome m o d e s  wh i le  avo id ing  th e  fie l d  nul ls  o f al l  th e  
o th e r  m o d e s  (so-that  n o  m o d e s , h o w e v e r  i nnocuous , r e m a i n  
t rapped) . T h e  wavegu ides  a r e  b e l o w  cutoff a t th e  fu n d a m e n ta l  
m o d e  f requency  a n d  resul t  in  on ly  a  smal l  p e r tu r b a tio n  o f th e  
acce lera t ing  fie ld.  T h e  e ffect o f th e  size, s h a p e  a n d  locat ion o f 
th e  d a m p ing  wavegu ides  has  b e e n  stu d i e d  e x p e r i m e n tal ly o n  a  
sim p le  p i l lbox cavity [6 ] a n d  ca lcu la ted us ing  M A F IA  a n d  
A R G U S , fo r  th e  p i l lbox case  a n d  real ist ic B -Fac tory  cavity 
shapes . Ne i ther  M A F IA  n o r  A R G U S  is current ly  capab le  o f 
so lv ing th e  comp lex  e i genva lue  p r o b l e m  c rea ted  by  lossy 
m a ter ia ls  in  th e  d a m p ing  wavegu ides  so  th e  m e th o d  o f Kro l l  
a n d  Y u  [7 .8 ] was  u s e d  to  ca lcu late th e  m o d e  f requenc ies  a n d  
Q ’s o f th e  l o a d e d  structures. T h r e e  wavegu ides  a r e  u s e d , spaced  
1 2 0  d e g r e e s  a p a r t a r o u n d  th e  cavity az imu th  so  th a t al l  H O M s  
u p  to  sex tupo le  ( m = 3 ) . a n d  m a n y  h ige r  orders ,  can  b e  d a m p e d . 
Th is  m a inta ins s y m m e try, avo id ing  in t roduc ing  low o r d e r  
( m =  1 .2 )  m u ltipo l e  c o m p o n e n ts into th e  fu n d a m e n ta l  m o d e .. 

E x p e r i m e n ts o n  th e  p i l lbox cavity s h o w e d  th a t s t rong 
d a m p ing  o f H O M s  can  b e  ach ieved , a n d  th e  m e a s u r e d  Q ’s 
a g r e e d  wel l  wi th th o s e  ca lcu la ted by  M A F IA /Kro l l -Yu.  
Init ial ly it was  i n tended  to  g e t th e  Q ’s d o w n  to  b e l o w  1 0 0  fo r  
th e  worst  m o d e s , o n  th e  p i l lbox th is  was  ach ieved  with on ly  a  
8 %  (ca lcu la ted)  loss in  fu n d a m e n ta l  m o d e . L o a d e d  Q  fo r  th e  
long i tud ina l  ( m = O )  T M 0 1  1  m o d e  was  ca lcu la ted to  b e  b e tween  
1 5  a n d  3 5 , m e a s u r e d  to  b e  3 1 . T h e  d ipo le  (m= l )  T M 1  1 0  m o d e  
was  ca lcu la ted to  h a v e  a  Q  o f 5 5 . m e a s u r e d  to  b e  3 7 . 

T h e  first a tte m p t to  ca lcu late th e  d a m p ing  o f th e  B -  
Factory cavity u s e d  a  m o d e l hav ing  th r e e  rec tangu la r  
wavegu ides  with a  cut-off f requency  o f a b o u t 6 0 0 M H z . T h e s e  
wavegu idcs  w e r e  to o  b r o a d  to  jo in  direct ly to  th e  cavity wal l  
so  a n  iris was  used .  Resul ts fo r  th is  g e o m e u y  show  s t rong 
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damping of the worst HOMs, with a Q of about 30 for the 
TM01 1 mode, with about 12% loss of the fundamental mode 
Q (table 2). It may be possible to reduce this degradition of the 
fundamental mode by smoothing out the sharp comers in the 
iris. In an attempt to dispense with the iris altogether a scheme 
was developed using smooth ridged waveguides which can be 
made small enough to open directly into the cavity. Using this 
scheme the Q of the TM01 1 mode is reduced to less than 26 
(possibly as low as 12 - there is some uncertainty due to the 
limited number of data points used in the Kmll-Yu method), 
while the fundamental mode Q is lowered by only 7%. The 
ridged waveguides have a slightly larger area, which may 
account for the stronger damping, while the smoothing of the 
comers and the lack of iris could explain the reduced 
perturbation of the fundamental mode. Other HOMs are reduced 
to Q’s in the range 30-50. except for the TM020 which was 
accidentally missed by the placement of the ridged waveguide. 
(When the waveguide shape was changed the effective center of 
the waveguide moved slightly, onto a null of the TM020 
magnetic field). 

Table 2: Damping of prototype cavity by waveguides. 

No Waveguides Rect wg+iris 
mode s;;;l Qo RT2 Freq QL 

W-W (Mn) (MHZ) 
TM010 480 4C003 4.71 475 35248 
TM01 b --,750 - 33270 1.35 745 30 

. TM020 993 38700 0.009 997 >I000 
Tmns.* 

TE 111 685 54844(E) 680 -65 
TM110 794 57762 18.3 795 -73 
TM-111 1068 51836 33.2 1040 >50 

Ridged wg 
F=I QL 

(MHZ) 
473 37344 
738 12- 26 
992 >5600 

678 30- 47 
793 31-64 

1038 >49 

* R/k(r)2 (where r is the beam pipe mdius=O.O4825m) 

Work is continuing on the optimization of the shape and 
position of the damping waveguides to get the lowest Q’s for 
the most significant modes and to check all the higher order 
modes to make sure none are missed. Additional damping may 
be achieved by using higher order mode filters in the drive 
waveguide as there will be significant transmission through 
the p&wer coupler for many HOMs. As a last resort any single 
mode which still has a significant impedance may be tackled 
by a tuned antenna inserted through a service port. _ 

The high power dissipation and multiple apertures in the 
B-Factory cavity require careful attention to the problem of 
cooling. It is proposed to use a construction similar to that of 
the Daresbury and ALS cavities where the cooling water is 
channeled between -two shells forming the inner and outer 
surfaces of the cavity. Particular care must be taken to ensure 
adequate cooling of the nose-cones and the damping waveguide 
apertures. The surface power dissipation is available from the 
numerical codes and this information can be transferred to a 
finite element program to perform thermal and, ultimately, 
stress analyses of the proposed designs. Early investigation 
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suggested there might be strong local heating in the nose-cone 
region and around the rectangular waveguide iris. Current work 
is taking account of these results and the present design 
iteration is including a wider nose-cone angle (30 degrees) 
which allows easier access for the cooling water, and will 
feature a smoothed iris or rounded ridged waveguide. 

. 

Field enhancement on the small radius of the cavity nose- 
cone, as calculated by URMEL. leads to local surface electric 
fields about 5.9 times the average accelerating field in the 
cavity. At about 25MV/m this is comparable to the Kilpatrick 
number at this frequency, 20.9MV/m, so sparking should not 
be a problem after conditioning. 

III. DEVELOPMENT PROGRAM 

The current design effort is targeted on optimization of the 
RF performance of the cavity shape and the damping scheme, 
while keeping in mind the problems of cooling and mechanical 
construction. The first test of the design will be the 
construction of a low power test model to measure the 
effectiveness of the damping scheme and confirm the calculated 
mode spectrum. An automatic bead-puller is being constructed 
to allow dctaikd investigation of the HOM impedances. This 
model may also be used to test the RF conuol loops, using a 
low power amplifier instead of the klystron. At the same time 
prognms will be under way to evaluate high power window 
and coupler designs, leading ultimately to their verification in 
a high power test stand at SLAC. Any lessons learned from 
the low power tests will be included in the next design 
iteration of the cavity which will concentrate on the 
engineering of a high power prototype. 
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