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Field limit and 

nano-defects covering material surface



C.Xu, H.Tian, C.Reece, and M.Kelley, Phys. Rev. ST Accel. Beams 14, 123501 (2011)
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SRF cavity surface after EP

Nano-scale defects almost 

continuously distribute on 

the surface of SRF cavity. 
Surface is not ideally flat.

Superconductor with 

a nano-scale groove

Nano-defect model
T. Kubo, LINAC14, 2014

If we want to discuss the 

field limit, we should take 

existences of nano-

defects into account and 

evaluate the field at 

which Bean-Livingston 

barrier disappears.



Assume ξ << δ << λ

Defect size

T. Kubo, LINAC14, 2014

T. Kubo, submitted to a journal
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Superconductor with λ/ξ >> 1 



Can calculate

Screening current

and

Vortex current
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T. Kubo, LINAC14, 2014

T. Kubo, submitted to a journal



Bean-Livingston barrier disappears when these two 

forces are balanced
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T. Kubo, LINAC14, 2014

T. Kubo, submitted to a journal
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～

Can evaluate a 

“suppression factor η” for 

materials such as 

• Dirty Nb

• bulk Nb3Sn

• multilayer NbN

• etc. 

if you have data of surface 

topographic studies.

T. Kubo, LINAC14, 2014

T. Kubo, submitted to a journal

Contour plot of η
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Immediate application: 

Field limit of “Electropolsihed dirty Nb”



TTCmeeting@KEK 8Electropolished surface

～

T. Kubo, LINAC14, 2014

T. Kubo, submitted to a journal

Surface after EP:

η ～ 0.9

C.Xu, H.Tian, C.Reece, and M.Kelley,

Phys. Rev. ST Accel. Beams 14, 123501 (2011)
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Bs=0.71Bc
(London theory)

0.9 Bs～130mT
～
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It is interesting to compare the above result with VT results of N-doped cavities.

Each symbol corresponds to (Bpk,Q0)=(achieved Bpk, Q0 at achieved Bpk). 

Field limit of EPed dirty Nb

130

T. Kubo, 2014
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with Record value
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Bs=0.71Bc
(London theory)

0.9 Bs～130mT
～

Bs=0.84Bc
(Quasi-classical theory)
Catelani and Sethna, Phys. Rev. B 78, 224509 (2008),  

Lin, and Gurevich, Phys. Rev. B 85, 054513 (2012). 

Bs～150mT
～
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Record 

value

T. Kubo (2014)

η=1η=0.9

It is interesting to compare the above result with VT results of N-doped cavities.

Each symbol corresponds to (Bpk,Q0)=(achieved Bpk, Q0 at achieved Bpk). 

Due to the smallness of Bc1, 

vortices enter from η < 0.9 defect, if it 

exist.   

η=0.5
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I added an additional slide this morning. 

Record value is updated: Charles’s slide (p.10)

150mT

Quite good agreement
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Comment on “immediate application”

• To achieve a field > 150mT or η > 0.9, smoother surface is 

necessary. Mechanical polishing technique that enables mirror-

like finishes might be effective. 

• 150mT corresponds to Eacc=35MV/m for TESLA cavity or 

Eacc=40MV/m for LSF cavity. Mirror-like finished and doped LSF 

cavity is a solution for ILC 1TeV upgrade? 

Comment
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～

Can evaluate a 

“suppression factor η” for 

materials such as 

• Dirty Nb

• bulk Nb3Sn

• multilayer NbN

• etc. 

if you have data of surface 

topographic studies.

T. Kubo, LINAC14, 2014

T. Kubo, submitted to a journal

Contour plot of η
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Supplement



Vortex position

When B<Bc1, there is no 

stable position inside the SC.

When B>Bc1, the stable 

position of a vortex is inside 

the SC, but Bean-Livingston 

barrier prevent vortex 

penetrations. 

When B>Bs, Bean-Livingston 

barrier disappears. 

→ Theoretical limit

B=0

B=Bs
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B=Bs

B=2Bc1

B=Bc1

B=0.5Bc1

B=0

C. P. Bean and J. D. Livingston, Phys. Rev. Lett. 12, 14 (1964) 



C. P. Bean and J. D. Livingston, Phys. Rev. Lett. 12, 14 (1964) 

Vortex position

B=0

B=Bs
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B=Bs

B=2Bc1

B=Bc1

B=0.5Bc1

B=0

T. Kubo, “Review on physics of the superconducting accelerating cavity and 

studies on electron-beam welding” 

in proceedings of the 15th KEK Mechanical Engineering Workshop (2014), p. 14



Bean-Livingston barrier disappears when these two 

forces are balanced
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T. Kubo, LINAC14, 2014

T. Kubo, submitted to a journal
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T. Kubo, LINAC14, 2014

T. Kubo, submitted to a journal

Forces
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Previous study on “vortex-defect interaction” 

A. Buzdin and M. Daumens, Physica C 294, 257 (1998)

They consider “a groove with an infinite depth”. 

(misleading figures!) 
A. Dzyuba, A. Romanenko and L. D. Cooley, Supercond. Sci. Technol. 23, 

125011 (2010) also treat a groove with an infinite depth.

This model can not be applied to “nano-defect”.

We must consider “a groove with a depth smaller than the penetration depth”. 

→ T. Kubo, LINAC14, TUPP071
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T. Kubo, LINAC14, TUPP071, https://oraweb.cern.ch/pls/linac2014/TOC.htm
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Formulae for semi-infinite SC and multilayer SC. 

See also the reference T. Kubo, Y. Iwashita, T. Saeki, Appl. Phys. Lett. 104, 032603 (2014) for the 

multilayer SC.  


