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                        RF Commissioning of LBL Single

                                  Cell Cavity In Lab G; Part 2                                                    

                       Al Moretti; BD/Proton Source, Fermilab

                       MuCool and MICE Colaboration Meeting
                            LBL, Nov 22 to 25 ,2002

                       Lab G High Gradient Test Facility                                                                  

                                                                                                      Test Bed for High Gradient Cavities in Large Magnetic Fields; Fast Beam Detectors in Large X-Ray backgrounds and  in High Magnetic Fields, and Dark current  Studies:

Specifically Measure High Gradient Breakdown and

Dark current with and without the Magnetic Field on; and methods

To reduce dark current with different materials and processing 

Techniques:

  The Lab G Facility consists of:

                     Linac Type Modulator and Controls

                     12 MW 805 MHz Klystron and Waveguides

                     Cavity High Vacuum  System 

                     Cavity Water Cooling System

                     5.0 T Solenoid

                     Support Cryogenic System

                     X-Ray Shielded Cave and X-Ray monitors

                     Surrounding the cavity.

                     Interlocked RF with Sparking, Cavity Vacuum

                     and External X-Ray level.
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 Top and Side View of Lab G, High Gradient MuCool Test  

                                                                                     Laboratory.
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                          View of Open Cell Cavity In 5.0 T solenoid

                                 П  Mode,  6 Cells, 805 MHz

     Currently in the test setup, the Open Cell cavity is replaced by the  Single Cell LBL cavity. Future plans are to install thin Be windows for RF testing.

Later it is planned to install “door knobs” of different materials for RF testing.
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            Picture of the Open Cell Cavity in the Solenoid

                 Center of Copper behind cover flange is

                    125 µ Ti window, one at both ends
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           View of Nominal 12 MW klystron in Lab G

Capability:  12 MW, 50 μsec, 15 Hz.

There have been three RF conditioning  runs made on the LBL Single Cell Cavity in Lab G; The first  two without the Magnetic Field on; The last with Field On:                                                                                                                     

Status after First conditioning Run with thick copper window:

  Reached after 1 months of conditioning without Magnetic field;

1. AccGrad of 30 MV/m, PeakSurface of  30 MV/m.

(The accelerating  and Peak surface fields are the

  same in a Pill Box Cavity) at end reached 33 MV/m.                     

                 2. Peak Dark Current at the end of 1 Month of Running

                      to small to measure.

                 3. Sparking Rate at 30 MV/m of less than 1/150,000

                 4. X-Ray levels very low and were nearly constant  

                      throughout the run.

                 5. Multipactoring began at 0.4 MV/m and stopped near

                     8 MV/m; only took a few 8 hr days to get through.

                 6. On inspection of the windows before installing the

                     the thin copper window, No spark damage was noted.

                     It looked like a prestine  piece of machined copper.

                 7. The vacuum condition constantly improved with

                      RF conditioning. Starting out at 5 E-8 torr and 

                      reaching  1.5 E-8 torr at end of the run. Special 

                      high temperature Nitrogen gas purging of the cavity

                      was conduced for several days to clean the cavity

                      remove water.

Status after Second conditioning Run with 375 μ thick copper window:

  Reached after 1 months of conditioning without Magnetic field;

1. Kept the gradient low 27 MV/m to prevent any new not understood damage from occurring before turn on of the magnetic field.                    

                 2. Peak Dark Current at the end of 1 Month of Running

                      to small to measure.

                 3. Sparking Rate at 27 MV/m of less than 1/150,000

                 4. X-Ray levels very low and were nearly constant  

                      throughout the run.

                 5. No or very little Multipactoring  was noted.

                 6. We are waiting until end of run with magnetic field

                      before opening the cavity up to inspect for 

                      damage.  

                 7. The vacuum condition constantly improved with

                      RF conditioning. Starting out at 3 E-8 torr and 

                      reaching  1.0 E-8 torr at end of the run. Special 

                      high temperature Nitrogen gas purging of the cavity

                      was conduced for several days to clean the cavity

                      remove water.

                    .

  STATUS of RF Commissioning after 4 weeks (220 hrs.) of running with Magnetic Field ON at 2.5 T:                 

1. Peak AccGrad of only 18 MV/m was reached. There

     seemed to be a barrier above even 16 MV/m which 

     could not be exceeded without losing ground.                     

2. Peak Dark Current was not measure  because the

Pulse current transformer techneque could not be used in the presence of the magnetic field.                     

3. Sparking Rate at AccGrad of 16 MV/m are still

high about  1/1000

4. X-Ray levels are very high on the Chipmonk 1.5 m

downstream of the cavity reaching 500 mrem/hr at

16  MV/m.    

5. Strong multipactoring was noted, it was very difficult

To get through. It still can be seen during the 

Exponential decay of the RF pulse. 

                 6. We are waiting until end of run with magnetic field

                      before opening the cavity up to inspect for damage.                   

                 7. The vacuum condition constantly improved with

                      RF conditioning. Starting out at about 3 E-8 torr and 

                      reaching  1.0 E-8 torr at end of the run. Special 

                      high temperature Nitrogen gas purging of the cavity

                      was conduced for several days to clean the cavity

                      remove water.

       The magneto resistivity of copper was measured using cavity

Q with and without the presence of the magnetic field. It was to

Be a 7 % effect at 2.5 T.

Some obsevations:
     After running over a weekend with the RF on and the magnetic

Field off, the X-Ray levels were found to be greatly reduced. Also,

The X-Ray levels even with the Magnetic field on were also reduced by large factor. However, as the RF commissioning continued the levels returned to their high values. This could be

Called a “healing effect”. However, it did not continue with the

Magnetic field when tried with continuous running over a weekend.

     Also, sparking at gradients above or near 16 MV/m (16 MV/m 

seemed to be a barrier for this study) caused numerous lower gradient sparks to occur. Took a period of hours in some cases

to get near or slightly above 16 MV/m again.
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