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Outline	  
•  DQW	  cavity	  (2014-‐08-‐08	  model)	  

– Coupler	  RF	  heaGng	  
– Coupler	  MulGpacGng	  analysis	  

•  RFD	  cavity	  
– Coupler	  mulGpacGng	  analysis	  
– Coupler	  RF	  heaGng	  
– HOM	  coupler	  filter	  dimension	  sensiGvity	  
– HOM	  coupler	  window	  and	  90-‐degree	  bend	  
– HOM	  coupler	  thermal	  and	  engineering	  design	  

•  Summary	  
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DQW	  RF	  HeaGng	  

•  Nb:	  10	  nΩ	  
•  Cu	  (gasket):	  1	  mΩ	  
•  Cu	  (probe):	  5	  mΩ	  

Part	   Loss	  at	  VT=3.34MV	  	  (W)	  

FPC	  hook	  (Cu)	   1.03E+02	  

down	  HOM	  gasket	  (Cu)	   4.88E-‐03	  

down	  HOM	  probe	  (Cu)	   2.64E-‐04	  

down	  HOM	  hook	  (Nb)	   1.74E-‐02	  

down	  HOM	  tank	  (Nb)	   2.23E-‐07	  

up	  HOM	  gasket	  (Cu)	   4.34E-‐03	  

up	  HOM	  probe	  (Cu)	   2.32E-‐04	  

up	  HOM	  hook	  (Nb)	   1.43E-‐02	  

up	  HOM	  tank	  (Nb)	   1.83E-‐07	  
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FPC	  

down	  HOM	  

Up	  HOM	  

(based	  on	  2014-‐08-‐08	  
DQW	  cavity	  model)	  



DQW	  MP	  SimulaGon	  
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•  Result	  shown	  are	  for	  the	  2014-‐08-‐08	  
DQW	  cavity	  model	  

•  Couplers	  are	  being	  re-‐opGmized	  
(based	  on	  some	  of	  these	  results)	  

•  New	  model	  to	  be	  analyzed	  when	  
ready	  



DQW:	  MP	  on	  cavity	  body	  (FPC	  end)	  
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DQW:	  MP	  in	  FPC	  

hook	  
region	  

coaxial	  
region	  

hook	  
region	  

coaxial	  
region	  
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DQW:	  MP	  in	  HOM	  Coupler	  (Top	  HOM)	  
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DQW:	  MP	  in	  HOM	  coupler	  (bojom	  HOM)	  
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RFD:	  MulGpacGng	  in	  FPC	  Coupler	  
•  No	  mulGpacGng	  in	  the	  hook	  region	  
•  Has	  resonant	  trajectories	  in	  the	  coaxial	  region	  at	  higher	  deflecGng	  

voltages	  
•  Nominal	  deflecGng	  voltage	  VT	  =	  3.4	  MV	  

MP	  regular	  
coaxial	  region	  
at	  high	  VT	  	  
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RFD:	  MulGpacGng	  in	  Hi-‐pass	  Filter	  H-‐HOM	  Coupler	  

•  MP	  resonances	  found	  in	  the	  gap	  if	  there	  are	  flat	  surfaces	  
•  Eliminated	  MP	  with	  a	  full	  rounding	  
•  Nominal	  deflecGng	  voltage	  VT	  =	  3.4MV	  

MP	  trajectories	  in	  
the	  gap	  Removed	  	  
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HOM	  Gasket	  HeaGng	  
•  At	  3.4MV	  deflecGng	  voltage	  
•  Copper	  gasket	  at	  2K	  	  (R=1mohm)	  
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HOM	  Gasket	  HeaGng	  
•  At	  3.4MV	  deflecGng	  voltage	  
•  Copper	  gasket	  at	  2K	  	  (R=1mohm)	  

Coupler	  part	   RF	  HeaGng	  (W)	  
fpc-‐hook	   6.75E+01	  
HHOM	  Cu	  gasket	   1.07E-‐01	   2K	  
H-‐hook	   5.99E-‐04	   2K	  
H-‐T	   1.44E-‐06	   2K	  
H	  probe	   4.90E-‐02	   2K	  
V-‐probe	   4.66E-‐01	   RoomT	  

Cu	  Gasket	  

H-‐hook	  

H-‐T	  
H-‐probe	  

V-‐probe	  

FPC	  
hook	  
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HOM	  Power	  HeaGng	  in	  Couplers	  

HOM	  heaGng	  calculated	  assuming	  1kW	  power	  extracGon	  for	  each	  mode	  
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Hook	  joint	  at	  240mm	  
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HOM	  Power	  HeaGng	  in	  Couplers	  

HOM	  heaGng	  calculated	  assuming	  1kW	  power	  extracGon	  for	  each	  mode	  
	  



RFD	  (cav17d)	  HOM	  Parameters	  
Can	  be	  reduced	  by	  
shaping	  the	  profile	  of	  
the	  V-‐coupler	  probe	  Gp	  
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Impedance	  definiGon	  does	  not	  have	  the	  (1/2)	  factor	  



RFD	  HOM	  Coupler	  Tolerance	  Analysis	  

gap_bar	  

gap_top	  

gap_probe	  

bar_radius	  

tank_radius	  

rot_about_z	  
(+)	  

rot_about_x	  
(+)	  

yGp	  
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Impact	  of	  dimension	  deviaGon	  on:	  
•  HOM	  damping	  
•  OperaGng	  mode	  rejecGon	  

Engineering	  
tolerance	  	  



Filter	  S21	  vs	  dimension	  deviaGons	  

HOM	  coupler	  filter	  dimension	  sensiGvity:	  
•  InsensiGve	  at	  frequencies	  above	  0.65	  GHz	  
•  Damping	  of	  1st	  dipole	  mode	  at	  0.63	  GHz	  and	  operaGng	  mode	  

rejecGon	  determine	  the	  filter	  dimension	  tolerance	  
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•  Qext_def=9.8E10	  
•  Power	  leakage	  at	  3.4MV:	  
0.27	  W	  



HOM	  Qext	  vs	  Filter	  Dimension	  Errors	  

HOM	  damping	  is	  general	  quite	  insensiGve	  
•  The	  lowest	  dipole	  mode	  slightly	  more	  sensiGve	  to	  dimension	  errors	  
•  OperaGng	  mode	  rejecGon	  slightly	  more	  sensiGve	  to	  hook	  rotaGon,	  gap	  between	  metal	  bars	  

	  Max	  power	  leakage	  <	  0.7W	  with	  calculated	  dimension	  errors	  
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RFD	  HOM	  Coupler	  Tolerance	  
-‐	  SuggesGons	  

gap_bar	  

gap_top	  

gap_probe	  

bar_radius	  

tank_radius	  

rot_about_z	  
(+)	  

rot_about_x	  
(+)	  

yGp	  
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Parameters	   Tolerance	  
dbar_radius	   -‐0.1/+0.1	  mm	  

dgap_bar	   -‐0.05/+0.1	  mm	  

dgap_probe	   -‐0.1/+0.1	  mm	  

dgap_top	   -‐0.5/+0.5	  mm	  

dyGp	   -‐1/+1	  mm	  

dtank_raius	   -‐0.2/+0.05	  mm	  

rot_about_x	   -‐1/+1	  deg	  

rot_about_z	   -‐1/+1	  deg	  

•  Evaluated	  based	  on	  Qext	  change	  	  
•  Offset	  only	  one	  of	  the	  parameters	  
while	  others	  kept	  unchanged	  	  



HOM	  Coupler	  Window	  and	  Bend	  

•  10-‐mm	  ceramics	  windows	  
•  Match	  to	  the	  50	  ohm	  pickup	  
port	  

•  90	  degree	  coax	  bend	  to	  load	  	  
•  Broadband	  up	  to	  2	  GHz	  
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ceramics	  windows	  

90	  degree	  coax	  bend	  	  



HOM	  Window	  and	  Bend	  -‐	  preliminary	  
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•  10-‐mm	  window	  adopted	  
•  Impact	  on	  Qext	  to	  be	  evaluated	  

5-‐mm	  window	  
and	  bend	  
match	  

10-‐mm	  window	  
and	  bend	  
match	  
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HOM Coupler Requirements 

Vertical HOM Coupler 

FPC 

Pickup 

Horizontal HOM Coupler 

One H-HOM coupler 
One V-HOM coupler – simple 
feedthru type 
One Pickup feedthru HyeKyoung 
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Coupler Designs 

Vertical HOM Feedthru 

Horizontal HOM Coupler 

Same feedthru design 
from H-HOM coupler with 
different flange size and 
probe configuration HyeKyoung 
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Thermal Study Details 

HV joint 

Copper gasket 

Nb can 

Nb 

Copper 

Ceramic Copper sleeve 

* 1mohm increased to 2mohm to account the 
roughness and strain effect of copper. 
(Anomalous skin effect and resistive wall 
heating by Weiren Chou and Francesco 
Ruggiero, 9/8/1995 CERN) 

* 

Nb hook 

Copper gasket 
HyeKyoung 

Nb hook remains SC 
and does not require 
internal cooling 
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BCP 
EBW 

Flange 

Assembly Process 

EBW Braze 

Fixtures for 
dimensional control 
during EBW 

Weld He 
jacket 

Assemble 
feedthru 

HyeKyoung 



Summary	  

•  DQW	  cavity	  (2014-‐08-‐08	  model)	  	  
– analyzed	  for	  RF	  heaGng	  and	  mulGpacGng.	  	  
–  re-‐opGmizaGon	  of	  the	  HOM	  coupler	  in	  progress	  by	  
the	  DQW	  team	  

•  RFD	  
– analyzed	  mulGpacGng	  in	  the	  couplers	  
–  tolerance	  of	  HOM	  hi-‐pass	  filters	  analyzed	  
– design	  and	  opGmizaGon	  of	  the	  coax	  window	  and	  
bend	  in	  progress	  
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