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Superconducting TESLA Cavities

Dissipations
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@ Quality factor Q, as figure of merit for the loss (A, = 47nm)
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The “Q vs. E” curve
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“Path to Nitrogen treatment”
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Nitrogen Doping (2013)

> Fermilab wanted to improve Q, for cw operation (LCLS-II)

> Annealing studies of cavity with 800C baking lead to discovery of
Nitrogen doping [arXiv:1305.2182] & [arXiv:1306.0288]
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Doping Recipe
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Doping Recipe

> 2/6 recipe is “standard” for LCLS-II cavities
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What is happening?

[Y. Trenikhina et al., J. of Appl. Phys., 117, 154507 (2015)
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Physics behind it

> Rpgcs depends on mean free path

> 120C baking moves towards dirty side,
starting in the clean limit

> Doping (right amount) gets close to the
minimum

> R, seems to stay the same

> Problem: Low/Medium RRR cavities (aka
low mfp) have been build and tested
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Physics behind it

> Rpgcs depends on mean free path
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= Why didn’t we see a high Q there?

= Influence of Nitrogen itself?

. Marc Wenskat | Nitrogen Doping & Infusion | 10.02.2017 | Page 46
(1) [D. Gonnella, PhD Thesis Cornell, 2016]
(2) [A. Vostrikov et al., WEPTY022, IPAC2015]



Physics behind it

> Rpgcs depends on mean free path

> 120C baking moves towards dirty side,
starting in the clean limit

> Doping (right amount) gets close to the
minimum

> R, seems to stay the same

> Problem: Low/Medium RRR cavities (aka
low mfp) have been build and tested
= Why didn’t we see a high Q there?
= Influence of Nitrogen itself?

= Only a surface layer has low RRR, bulk is still
higher? Thermal conductivity ~ RRR
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Physics behind it

> Rpgcs depends on mean free path

> 120C baking moves towards dirty side,
starting in the clean limit

> Doping (right amount) gets close to the
minimum

> R, seems to stay the same

> Problem: Low/Medium RRR cavities (aka

low mfp) have been build and tested
= Why didn’t we see a high Q there?

= Influence of Nitrogen itself?

= Only a surface layer has low RRR, bulk is still
higher? Thermal conductivity ~ RRR

> Low Quench Field due to reduction of B,
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Physics behind it

> Rpgcs depends on mean free path

> 120C baking moves towards dirty side,
starting in the clean limit

> Doping (right amount) gets close to the
minimum

> R, seems to stay the same

> Problem: Low/Medium RRR cavities (aka

low mfp) have been build and tested
= Why didn’t we see a high Q there?

= Influence of Nitrogen itself?

= Only a surface layer has low RRR, bulk is still
higher? Thermal conductivity ~ RRR

> Low Quench Field due to reduction of B,

= Nitrogen as pinning center?
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Physics behind it

> Rpgcg depends on mean free path

> 120C baking moves towards dirty side,
starting in the clean limit

> Doping (right amount) gets close to the
minimum

> R seems to stay the same

> Problem: Low/Medium RRR cavities (aka

low mfp) have been build and tested
= Why didn’t we see a high Q there?

= Influence of Nitrogen itself?

= Only a surface layer has low RRR, bulk is still
higher? Thermal conductivity ~ RRR

> Low Quench Field due to reduction of B,

= Nitrogen as pinning center?

= Potential barrier decrease?

(1) [D. Gonnella, PhD Thesis Cornell, 2016]
(2) [A. Vostrikov et al., WEPTY022, IPAC2015]
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Nitrogen Infusion (02.2016)
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Nitrogen Infusion (02.2016)
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Nitrogen Infusion (02.2016)
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Nitrogen Infusion (02.2016)
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Nitrogen Infusion (02.2016)
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Nitrogen Infusion (02.2016)
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What is happening?

> Niobium is inert against Nitrogen below 350C
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What is happening?

> Niobium is inert against Nitrogen below 350C
> For Doping, Nitrides are a gateway — N concentration is diffusion limited

> Is Nitrogen entering the material?
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What is happening?

> Niobium is inert against Nitrogen below 350C
> For Doping, Nitrides are a gateway — N concentration is diffusion limited
> Is Nitrogen entering the material?

> Why no low field quench?
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SIMS - Depth Profile of Nitrogen
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SIMS - Depth Profile of Nitrogen
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SIMS - Depth Profile of Nitrogen
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SIMS - Depth Profile of Nitrogen
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SIMS - Depth Profile of Nitrogen
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Contradictions
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Contradictions
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(1) [S. Aderhold, TTC Workshop Saclayl, 2016]

(2) [P. Koufalis et al., arXiv: 1612.08291 ]

| Natural oxide layer grows again |
(3) [A. Dangwal Pandey & G. Semione — Nanolab — to be published]

| Natural oxide layer suppressed
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= Do a 900C baking before doping at 800C and higher removal before baking hel



