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the same die, but the Y HOM waveguide was machined 
from bulk RRR>250 fine grain niobium by CNC machine 
[3]. 

Baseline cavity 
    After grinding off a trench-like welding ripple on the 
cavity equator, the CCB1 cavity went through following 
processes: 
 90+10+80um Buffer Chemistry Polish (BCP) with 
∆T <10°C, etching rate=1um/min to allow equal 
amounts of material removal from iris and equator. 
Inlet to outlet  acid ∆T<1.5°C 

 600oC bake for 10hrs 
 Final 5um BCP on bench  
 Ultrasonic degreasing 
 High Pressure Rinsed (HPR) in R&D system for 

~1hr 
 Dried in a class-10 clean area overnight 
 Assembled with indium seals on RRR~ 80 Nb blank- 

off flanges in class-10 clean area 
 Attached to test stand, leak checked and evacuated to 

<5e-8 mBar in class-100 room 
 Set up variable coupling in vertical staging area 

The cavity was in a vertical free hanging position with a 
variable coupling link for the probe coupler on the 
bottom. The input RF coupling can reproduce the setup at 
room temperature and be changed at 2K temperature.  

The coupling antenna is a copper L shape electric 
probe. In the first power rise of test #2, the cavity reached 
116mT maximum magnetic field on the iris which 
corresponds to a 0.59 MV deflecting voltage (in Figure 
2). There was no sign of x-ray radiation or multipactoring 
(MP). The Lorentz Force Detuning (LFD) coefficient was 
measured as -14.9Hz/(MV/m)2. The helium pressure 
sensitivity was measured also as -1.1kHz/Torr. The 
ANSYS simulations later confirmed these numbers 
quantitatively and found that they are critically dependent 
on the constraining conditions and detail feature regarding 
the EBW joint welds. 

 
Figure 2: Baseline CCB1 cavity vertical #2 test result. 

In the #3 test setup, the LOM waveguide blank-off 
flange was changed from Niobium to Stainless Steel 
(SST) material.  Process procedure followed above steps 
after HPR. The measurement showed that the low power 

Q0 at 2K dropped to 8×108 which indicated an error of the 
LOM waveguide alignment relative to the long axis of 
racetrack crab cell. The loss due to the beam pipe blank-
off flanges using SST was calculated by MWS to be ~3e9 
in unloaded Q. 

Alternate cavity 
The CCA1 cavity has been tested for number of times 

with the highest Bp field of 95mT [3] but with the signs of 
low Q0, soft MP barrier, early quench and weak coupling. 
A high resolution optical inspection revealed an interior 
weld crack (with chemical residual around it) on the 
saddle joint which could be caused by a non-penetration 
EBW and opened up by later grinding and chemistry. 
This find could explain the low Q and the contaminated 
surface which emitters the MPs. 

The fabrication of CCA2 cavity was decided then all 
parts except beam pipes are to be machined from the 
RRR>250 bulk, large grain niobium ingot directly to 
avoid the electrical centre (EC) alignment error and the 
difficulty of forming the dog bone iris by sheet metal. The 
final geometry of CCB2 and CCB3 cavities followed the 
frequency recipe previous developed have been finalized. 

 
Figure 3: Bare crab cavity prototypes. A: two half CCB1 
cavity groups before the final equator EBW; B: Y HOM 
waveguide group made by CNC machining for CCB1 
cavity with RRR>250 Nb; C: CCA2 cavity fabricated on 
CNC machine; D: Finished Nb and Al prototype cavity. 

CRYOMODULE COMPONENTS 
DEVELOPMENT 

The cryomodule components of cavity tuner, 
LOM/HOM loads, RF windows, bellows and alignment 
device are all critical to the schedule and success of the 
SPX project. The R&Ds and conceptual designs of loads, 
RF windows have been presented in Ref. [2]  

Alignment 
Due to the tight tolerance of individual cavity assembly 

in the cryomodule string [6], a wire-stretching technique 
based on the S21 of RF signal has been proposed [5] for 
the clean room assembly on the rails. The tuning 
sensitivity on the vertical offset is about 20dB/0.5mm. 
Special fixtures to do this mock-up experiment have been 
developed. A beam based feedback alignment scheme 
using the crab cavity as the beam position monitor (BPM) 
has been proposed. The accuracy of EC using cold (2K) 
actuators’ adjustment is estimated to be ±0.1mm. 
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