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Our rf program has restarted in the Mucool Test Area (MTA).

¥ RFinthe MTA is now fully underway.

¥ I nitial results
- 805: Curved windows oper at e stably.

We see similar problems (as in Lab G data) wit h B fields limiting E fields

- 201 Condit ioned quickly to 16 MV/ m, wit hout B field

¥ We are installing instrumentation, testing DAQ, fixing minor problems



We want to know:
¥ What gradient can we stably torun at? What causes the limit s?
¥ What are the limits imposed by Bfields? How well does condit ioning work ?
¥ Do curved windows produce stable operation?
¥ Can dif ferent materials improve things?
¥ What happens at high gas pressures?

¥ How can we reduce x-ray backgrounds? To what level? (for MI CE)

Challanges
¥ Experiments with the 201 MHz cavity are cumbers ome.

¥ Need some extrapolationin B field (have 1.5T, need 2.5 T). need coupling coll.



High solenoidal magnetic fields are a problem.

¥ | f mechanical stress causes breakdown, magnetic fields can make t hings worse
¥ Preliminary data roughly support this model.

¥ Other effects (magnetic confinement of damage) may contrib ute.
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¥ This can be @uredOwit h high work function materials. which reduce field
emission. We need mat erials studies.



MuCool Test Area Experimental Program

¥ 805 MHz cavity
! Curved windows Flat Be windows produced unstable operation at high powers.
Curved windows are stable upto 32 MV/ m accelerating field in the MTA.

Magnetic field studies Muon Cooling is more efficient at high Bfields. We
have found B fields degrade electric fields. Can we condition wit h B?

Button tests of dif ferent materials We need to understand damage in
other materials. We will test Mo, Be, Ta, Nb, SS, W, buttons against Cu.

High pressure cavities High pressures may increase accelerating fields.
Muons | nc will be testing their cavity wand w/ o B field.

¥ 201 MHz cavity
Condit ioning and bre akdown studies We have been very successf ul wit h
polishing and HPW rinsing (16 MV/ m). Clean surf aces may give better
perf ormance wit h B field. (Highest priorit y). Pulsed heating of curved
windows

Magnetic field studies MI CE needs 8 MV/ mwith 2.5 T. Our solenoid
gives 1.5 T on one side of the cavity. We see multipactor with the B field on.
Multipactor issues: TiN coating whole inside surf ace, Modeling orbits.



Our 805 MHz program.

Primary variables:

¥ Operation: 201 vs. 805 MHz.

¥ Magnetic field: 0 B5 T solenoid on the 805.
¥ Materials: Cu, Be, SS, Mo, Mo(alloys), W, Nb
¥ High Pressure (Muons I nc.) H, and He

¥  Window Geometry
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201 MHz Program.

¥ Condit ioning / bre akdown, window tests.
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| mmediat e goals:
¥ 805: Can we see conditioning ef f ects wit h a magnetic field?

¥ 201: Measure x-ray backgrounds fromthe 201
Nondestructively @ure Omultipact or.
Condit ion wit h signif icant B field.

Present Schedule

805 201
Marc h Magnetic field test Condit ioning no field !
3/20 B3/29 MuonsInc. BOn Of f

April + B Field and Button tests Condit ioning w B field



Modeling: Breakdown is difficult to understand. Hokusai 1815

.




Why isn® breakdown better understood?

Experimental problems Very small trigger signal, Lots of stored energy, Very
fast trigger, Extensive damage. Mechanisms are complex. Systems are complex,
BD very sensitive to some parameters.

Many Variables Surf ace field, Micro topography, Chemistry, Mechanical ef f ects,
Gas pressure Gas composition, Magnetic field, Frequency: (HF, LF, DC), History,
Pulse length, Accelerating field, enhancement factor, /, material, data covers a
very wide dynamic range, temp, geom. dependence of BD rate, Local power
densit ies, Fatigue, plasma spot, surf ace heating

Data is incomplete Limited range of experiments at dif ferent facilities,
| nstrument ation is dif ficult



We aspire to be the leaders in High Gradient RF Studies

¥ Because we used low frequency cavit ies, thin windows and high B fields, we were
able to accumulat e high quality rf data. We have also used mat eri al science data
from Atom Probe Tomography to look at the microscopic processes involved.

¥ Although vital to many fields, breakdown theory is still developing.

¥ Our effort has produced:
A model of breakdown that seems compatible wit h most dat a.
A model of cavity operation that explains most rf data.

¥ ANL is proposing a new modeling effort (3yr) for:
High gradient rf operation used for muon cooling
Study of electric field limits for the | LC structures and klystrons
Study of high gradient limits of Multi- TeV warm colliders (CLI C)
Analysis of sample failure modes for Atom Probe Tomography

¥ NU/ANL is proposing Atom Probe Studies (tothe | LC).



We would like a model which can predict EVERYTHI NG.
¥ ...but don® have it yet.

¥ Loose ends: contribution of fatigue, plasma spots, heating etc,

¥ Need data: damage spectra in avariety of environments.

¥ We are making great progress.

¥ Ref ereed papers:

- X ray measurements, Pnys. Rev. STAB, 6, 072001 (2003)
- Trig gers for breakdown, NIM A 537, 510, (2005)

- Molecular dynamics of breakdown, Phys. Rev. STAB, 7, 122001 (2004)
- Magnetic Field Effects, Pnys. Rev. STAB, 8, 072001 (2005)

Surf ace damage and rf operation, submitted to Phys. Rev. STAB (3/06)

www-mucool.f nal.gov/m cnot es/p ublic/p df /m uc03 30/ muc0330 .pdf

¥ The model seems to be telling us how to minimize damage (maximize field).



Modeling Example: Kilpatrick Limit

¥ Our model assumes that incre asing surf ace damage, (because of longer
discharges, more stored energy, etc) will increase t he maximum enhancement
factor, /¢ that is produced in afully condit ioned cavity, lowering the Eyax.

¥ This argument can be used to generate 10" e
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New instrumentation: Atom probe Tomography
¥ We argue that mechanical stress trig gers bre akdown.
¥ We can look at high stresses and complex oxides with this technique.

¥ This technique is incredibly sensit ive and pre cise.
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We need to understand oxides.

¥ Oxides are generally stronger than metals. Under high stresses they expand
dif ferently and may fracture. Sample failures occur at oxide/ metal interf ace.

¥ We have data on warm Cu. Dif ferent samples show dif f erent oxide parameters.

¥ Example: Niobium Oxide 1 —r———r—y—r—r—r————r——r——r——t—r——r—r 10
for I LC.
(it ® better looking dat a)
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Conclusions
¥ We are fully operational and glad to be taking dat a.

¥ We need to look at a large parameter space, starting with magnetic field
effects. A coupling coil would be very helpf ul.

¥ MI CE parameters are an immediat e goal.

¥ Support ing programs in modeling and Atom Probe Tomography should help us
understand our data and solve problems. We are looking f or separate funding.



