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High Gradient Study in Superconducting RF Cavities
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Cavity Fabrication
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Electron Beam Welding
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Surface Defects on Niobium SC Cavities
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Quench at Defects
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- Experiencein the TRISTAN -

Quench in the center cdll

T-mapping to detect the heat location (TRISTAN)
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Quench defects - Experiencein the TRISTAN -

Electron beam weld seam
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Material Inspection

Eddy current scanning Nb discs, dia. 265 mm at DESY
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Thermal instability(quench) - Cures—
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Better quality - High RRR niobium material: Hq:\/“’f(TC-Tb) « RRR4 '\/VD .(:zcisTobgK)
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Hp/Eacc ~ 43
Hp=43x40 ~17200e

Mo ~ 2Um

For high gradient Eacc ~ 40 MV/m, RRR should be higher than several hundreds

and defect size (radius :rp) less than 1um.
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Simple M echanical Grinding
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Field Emission
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Electron Trajectory in Field Emission

Non-resonant electron loading dueto field emitted electrons by tunneling effect
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High Pressure Water Rinsing (HPR)

From ultrapure
water system
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Effect of High Pressure Water Rinsing (HPR)
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HPR isavery powerful tool to eliminate particle contamination on cavity surface!
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| mportance of Smooth Surface

Chemical Palishing Electropolishing

8 e . r T ! T
_ e #15 ] C —e—#6 Roughness (Rtm)

- —a-#16 .. 7F --0--#13 Roughness (Rtm) -
~Om#19 ] \ -~ #22 Roughness (Rtm)

6F _

(6]
=
Roughness (Rtm) [um]
N

I
CSNNC f s \\
i&%% b4 }f%— S N 2 b

o]
B SRS \\o\

F .0 L —
1 X U3
: 1 S R SO O N < W S S S S .
: | L L L L L L1 L : 0 L 0 4 T T T l I T | I T T T | | B T -t ¥ N S S | L]
%79 50 100 150 200 250 300 350 0 50 10 150 200 250 300 30

Removal Thickness[um] Removal Thickness [um]



Talk by K.Saito in the High Gradient Workshop RF on 7 Oct. 2003 in ANL

High Gradient Performance with EP

Eacc,max [MV/im]

Electropolished Cavitiesin KEK
(1300MHz single cells)
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High Gradient TTF Cavitiesby EP
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35 MV/m has been achieved in 4 cavities of 8 electropolished TTF onesin the vertical test.
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High Power Test Result of an Electropolished TTF Cavity
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Successful stable operation at 35 MV/m for more than 1000 hours.
No degradation was seen in such a high gradient perfor mance.
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What happensin CP cavities at the high gradient?

Field enhancement by J.Knobloch
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Clean Assembly
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Cleanness and Field Emission

Cleanness must be better class 100 against field emission.
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Procedurefor High Gradient SC Cavity Fabrication

Use of high quality material

Careful material inspection

Remove lar ge surface defects

Mechanical grinding

M ake smooth & clean surface

Electropolishing, HPR with ultra-pure

1

Clean Assembly

Clean-room
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Fundamental Field Limitation

Vortex line nucleation model (VLNM)
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A way to TESL A 1000
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TheRF critical field of niobium might be limited around 1800 Oe by vortex line nucleation.
Resent cavity shape: Hp/Eacc =42 ~44 > Eacc =1800/(42 ~44) = 43 ~41 MV/m
For beyond 40 MV/m, one should go to the cavity design with smaller Hp/Eacc ratio.

50 MV/m Hp/Eacc=36 ; TESLA 800 (35MV/m) lmmm) TESLA 1000 (45MV/m)
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Summary
1) Today, the high gradient of niobium superconducting RF cavity has been achieved 40 MV/m

with single cell cavities.
2) Thisachievement also has been donein TESLA cavities.
3) Current my understanding for high gradient cavity production is:
B Use high pure Nb material (RRR=200~300) with careful material inspection,
B Remove surface defects by mechanical grinding prior to chemical process,
B M ake smooth surface using electropolishing,
B Finish clean surface by high pressure water rinsing.

B Assembly cavitiesin a clean-room better than class 100.

4) For the TEALA1000, the gradient must be upgraded to 45M V/m.

Cavity shape with a smaller Hp/Eacc rato ~36 hasto be redesigned for such a high gradient.



