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                        Status of Lab G Open Cell Breakdown

                                  Studies and Test Plans

                       Al Moretti; BD/Proton Source, Fermilab

                     MuCool and Mice Collaboration Meeting
                                                IIT 

                                 February 5-8, 2002

                                             Lab G                                                                    

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

                     Linac Type Modulator and Controls

                     12 MW 805 MHz Klystron and Waveguide

                     Cavity High Vacuum  System 

                     Cavity Water 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
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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

There have been two RF conditioning  runs made on the Open Cell

Cavity in Lab G:                                                                                                                       

Status after First conditioning Run:  

  Reached after 2 months of conditioning without Magnetic field;

                 1. AccGrad of 20.5 MV/m, PeakSurface of  53 MV/m

                      And peak Cell AccGrad of 23.5 MV/m.

                 2. Peak Dark Current at the end of 2 Month Run

                      of 100 mA at Max Gradient ( much higher at start)

                 3. Sparking Rate at AccGrad of 20.5 MV/m of < 1/1000

                 4. X-Ray levels down over Factor 10 at End of Run.

 With Magnetic Field ON at 2.5 T after a additional month of conditioning;

                 1. AccGrad of 20.5 MV/m, PeakSurface of  53 MV/m

                     And peak Cell AccGrad of 23.5 MV/m.

                 2. Peak Dark Current at the end of 2 Month Run was

                     higher by factor 2 or about 200 mA.

                 3. Sparking Rate at AccGrad of 20.5 MV/m of < 1/1000

                 4. X-Ray levels went down with running, but were still

                     a factor 4 to 6 times higher than with out magnetic 

                      field on.      

                     X-Rays were converging along the magnetic Field 

                     Lines. 

                     But at the end of this run we lost vacuum 

                      Due to a pin hole leak in the upstream 125µ Ti

                      Thick Vacuum Window because of dark current

                       guided by the magnetic field into the

                       Window).

                    Pink RF On, Magnetic Field ON

                     Blue RF On, Magnetic Field OFF
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      X-Ray Level in mrem/hr in back of West Wall Shielding

     Also, the gradient in the cavity was down 7.5 % with

    The magnetic field on compared to the field off at the

   Same input power level due to magneto-resistivity of

                                                                                      Copper.
Before Second Run started we have made improvements in vacuum system (added more pumping), vacuum protection and

Reflected power interlocks.
Status after Second conditioning Run:(about the same as first run) 

  Reached after 2 weeks of conditioning without Magnetic field;

                 1. AccGrad of 20.5 MV/m, PeakSurface of  53 MV/m

                      And peak Cell AccGrad of 23.5 MV/m.

                 2. Peak Dark Current at the end of 2 Month Run

                      of 100 mA at Max Gradient ( much higher at start)

                 3. Sparking Rate at AccGrad of 20.5 MV/m of < 1/1000

                 4. X-Ray levels down over Factor 10 at End of Run.

                 5. No Damage Noted on Upstream Window.

The  Conditioning with the magnetic field on was stopped short
To save money and complete dark current measurements.

Only reach a gradient of 15 MV/m  when experiment was stopped. The cavity  conditioned just Like a cavity that has never been conditioned with RF power. There are a lot of vacuum trip off 

of the RF because of high initial Cavity out-gassing with Rf

commissioning as was the case with the first run. 

Next the cavity was Nitrogen gas Processed at a 

Of 1 x 10^- 5 Torr. The X-Ray levels decreased

Dramatically, a factor 1/2 the first day,  1/4 the second

Day, etc., and after about 12 days of running

The levels were down about a factor 4.

Next the cavity was commissioned with RF with high

Vacuum in the cavity;  The upstream Ti window broke

A second time int solenoid mode at 2.5 T with 3 small

Pin holes.

        Yellow is with RF on and Magnetic field ON

          Pink is with    RF on and Magnetic Field OFF

            Blue is with  RF OFF and Magnetic Field OFF

                  Log to base 10 scale 0 is 1x10^-8  Torr.
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                  Cavity Vacuum with RF Commissioning

    Future 805 MHz plans;

1. Complete the installation of the LBL Cavity.

2. Study the RF commissioning of the Cavity with

      copper end windows, Study the X-Ray emissions 

      with X- Monitors, Films, and X-Ray pin hole cameras.

     After reaching design gradient examine the copper end

     Plates or windows if little damage proceed with TiN on

     Copper study.

3. Study the above results to determine if the set of

Thin Be windows (safety matter) should be undertaken.

 If the results permit continue the above study with Be

Starting with bare Be and going onto the TiN coated

Window. The windows are available in thickness sets of

125 µ, 250 µ and one 500 µ with TiN coatings on one side.

4. Study in the LBL cavity windows with a protruding

Hemispheres  of materials with high melting point and

Low vapor pressure at high temperature such as tungsten;

Other materials and processes would also be considered.

5. After analysis of the above, Build a single cell cavity

With the best material and methods of processing .

6. Because the damage in the Open cell was mainly in

The part that was in the magnetic field furthest  from

The vacuum pumps and the burst in vacuum pressure

Was very high during a spark; reprocess the Open Cell

Cavity adding vacuum pumping on and viewing ports

On the axis. Also the cells at the input port shows little

If any damage. It still look like shinning copper. 

Study the magneto-resistivity of copper.  Effect long

Many cell cavity on breakdown. The open Cell Pi mode

May be our fall back position.
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		Vacuum Open Cell With Magnetic on and off
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