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Abstract HOM couplers for 500 MHz 4-cell sc HERA cavity have 
been developed and successfully tested at DESY. In this 
work, we describe a HOM coupler which is a simplified and 
rescaled version of these couplers suitable for accelerating 
structures with fundamental mode frequency in the range of 
1.5 GHz, We present a basic design as well as results of RF 
measurement of a 5-cell 1.5 GHz cavity equipped with this 
coupler, 

INTRODUCTION 

HOM couplers for the 500 MHz 4-cell sc HERA cavity have been 
developed and tested at DESY. These couplers are based on coaxial 
line technique. We used two different types of couplers to reach 
the required strong damping for the high beam current of 60 niA. 
For application with less damping necessity only one type of . 
broad band coupler might be needed. 

It is clear that one can use a scaled version of the HERA 
couplers at lower fundamental.mode (.FM) frequencies. At higher 
frequencies, however, one might expect problems with mechanical 
tolerances. In this paper we describe a HOM-coupler for higher 
fundamental mode frequencies (1.5 GHz) based on the HERA coupler 
design. Advantages of this coupler are: - easy cooling ofinner conductor through two inductive stubs 
- simple after machining adjustment by tuning of two 

capacitors, - thermal isolation of inner conductor and output line 
- small over all size, 

COMPUTATION 

We have computed the frequency spectrum up to 5 GHz of a 5-cell 
cavity of CORNELL/CEBAF design by URMEL (2). This'helps us to 
select resonant modes with significant value of R/Q. We 
concentrated on damping of these modes, The first three columns 
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o f  T a b l e  1 p r e s e n t  t y p e ,  f r e q u e n c y  and R/Q o f  computed p a r a s i t i c  
modes. ,. . 

The c o m p u t a t i o n  showed t h a t  t h e  5 - c e l l  c a v i t y  h a s  s e v e r a l  t r a p p e d  
modes which have  no e l e c t r o m a g n e t i c  f i e l d s  i n  t h e  beam t u b e s ,  
t h e r e f o r e  t h e y  c a n n o t  be damped by c o u p l e r s  p l a c e d  a t  t h i s  
l o c a t i o n .  Two members o f  t h e  d i p o l e  passband  TEiz i  , ( fo  = 3480.8 
MHz, £0 = 3486.11 MHz) and one  o f  passband  TErizr ( 'ro = 3488.38 
MHz) have no f i e l d  i n  t h e  beam t u b e .  Then Q e x t  of  t h e s e  modes 
caused  by any  c o u p l e r  mounted on t h e  beam t u b e  must be h i g h .  

THE CAVITY MODEL 

To t e s t  t h e  c o u p l e r  model w e  have  u s e d  t h e  c o p p e r  modcl o f  
1 . 5  GHzj 5 - c e l l  s t r u c t u r e .  Because  of  mach in ing  e r r o r s  t h e  c a v i t y  
had a fundamenta l  mode f r e q u e n c y  f ~ n  = 1480.5 MHz. We have  t u n e d  
t h e  c a v i t y  t o  f l a t t e n  t h e  f i e l d  d i s . t r i b u t i o n  o f  FM, b u t  i t  w a s  
m e c h a n i c a l l y  i m p o s s i b l e  t o  g e t  ~ P H  = 1.5 GHz. The c a v i t y  model 
had 4 p o r t s  f o r  mounting HOM c o u p l e r  a t  different d i s t a n c e s  f r o m  
end ce l l s .  W e  w i l l  p r e s e n t  h e r e  r e s u l t s  o b t a i n e d  for the s m a l l e s t  
d i s t a n c e  10 mm ( F i g .  1). Column 4 o f  T a b l e  1 c o n t a i n s  f r e q u e n c i e s  
of parasitic modes as measured for t h e  c o p p e r  model.  

F i g ,  1 5 - c e l l  c a v i t y  w i t h  HOM c o u p l e r  

THE COUPLER DESIGN AND MEASUREMENT DATA 

The t e s t e d  v e r s i o n  of t h e  c o u p l e r  is  s c h e m a t i c l y  g i v e n  i n  F i g .  2 .  
The b a s i c  i d e a  is  s i m i l a r  t o  t h e  500 MHz d e s i g n ,  however,  it is  
n o t  a s imple  r e s c a l i n q  o f  t h e  HOM c o u p l e r ,  b e c a u s e  as it w a s  
ment ioned above we r e p l a c e d  t h e  two t y p e s  o f  HERA c o u p l e r  (TM and 
TE c o u p l e r )  by one  t y p e .  The p roposed  d e s i g n  g i v e s  t h e  s e t t l e m e n t  
between damping o f  HOM and  requ i red , !nechan ic r r l  t o l e r a n c e s .  W e  
have  t e s t e d  t h e  FM f i l t e r  s e n s i t i v i t y  t o  mach in ing  o r  t u n i n g  
e r r o r s  i n  t h e  case when c o u p l e r  is  mounted a t  t h e  n e a r e s t  t o  t h e  
end c e l l  p o r t .  F o r  t h e  b e s t  t u n e d  f i l t e r  w e  have  g o t  FM 
Q e x t  = 3*1012 and w i t h i n  ?: 0 .05  mm change  o f  d i s t a n c e  be tween t h c  
f i l t e r  c a p a c i t o r  p la tes ,  Q e x t  was s t i l l  h i g h e r  t h a n  7*10" One 
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Fundamental mode filter 

Fig 

\ 

. 2  The outline of the HOM coupler. 

should lceep in mind that final tuning of the FM filter can be 
done when coupler is welded to the cavity (it is usual procedure 
with 500 MHz couplers, which allows us to reach FM 
Q e x t  >2*10lO). In the scope of this worlc only one coupler was 
built and attached to the cavity. The azimuthal position of the 
coupler was not optimized in respect to the polarization of the 
dip01 modes. As consequence this one coupler cannot always effect 
both polarizations (see Table 1). Column 6 gives the product of 
computed R/Q and measured Q o x t .  To get effective damping of both 
polarizntion of dipole modes one should equip the cavity with two 
couplers. It seems better to mount one coupler on each beam tube 
to avoid problems with modes which do not have flat field 
prof ilc. 

The measured transfer function of the coupler in the frequency 
range from 1 to 8.5 GIlz is presented in Fig, 3 ,  The transfer 

Fig.3 Transfer function of HOM coupler. 

Proceedings of the Fourth Workshop on RF Superconductivity, KEK, Tsukuba, Japan

SRF89G16



c u r v e  h a s  two n o t c h e s  below 5  GHz. The f i r s t  i s  t h e  FM n o t c h  and 
c a u s e s  h i g h  Q e x t  f o r  t h e  fundamenta l  mode. The second n o t c h  . i n  
v i c i n i t y  of 4.425 GHz is  n o t  v e r y  deep  and a l l  HOMs i n  t h i s  
r e g i o n  a r e  w e l l  damped e . g .  mode TMo22. The n e x t  n o t c h  is between 
5.55 GHz and 5.8 GHz b u t  modes i n  t h i s  r a n g e  p r o p a g a t e  w e l l  i n  
beam t u b e  and t h u s  p roduce  h i g h  enough f i e l d s  a t  t h e  HOM c o u p l e r  
p o r t ,  

TABLE 1.HOM s p e c t r u m  o f  5 - c e l l  1.5GHz c a v i t y  equ ipped  w i t h  
one  HOM c o u p l e r .  

( by URMEL-T ) 

NOTE : * Computed by URMEL-T. For the Dipole Mode R/Q is 
calculated 22.8mm off axis. 

** Measured on Copper Model Equipped with a IIOM Coupler. 

*** Resulting Impedance: R/Q*QeZt 
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CONCLUSION 

The measurements results have shown that the coaxial line type 
coupler can provide good dampins of HOM resonances also for 
cavities with higher FM frequency. The mechanical tolerances seem 
to be not critical for the coupler design. We can also conclude 
that in case of higher damping requirements rescaling of both 
HERA HOM coupler should be possible. 
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