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How to improve performance of an SRF cavity?

(Wu and Baumgart 09)
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RF penetration depth ~ 45 nm
Clean Nb bulk: A= & ~40 nm

e DoOes cleaner mean
better? No.
o dissipation, AC field,
H ~ Hsh

o Is ‘dirty’ good? Yes.
@) Hsh . :|:4%
o dissipation suppressed

impurities reduce the high field
surface resistance and decrease
the high-field Q slope: a pos-
sible mechanism of the baking
effect.



Impurities at atomic scale

+ regular: C, O, H, etc. (non-magnetic)
o = ne’rt/m

— magnetic: Fe, etc.
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Previous results

eGinzburg-Landau, Hg, Vs K,
T~ T,
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(Ginzburg 58, Maricon and Staint-James
67, kramer 68, Chapman 95,Golgert

95, Transtrum 11 --- etc)

eEilenberger/Gorkov, Hg, vs T,
k> 1, clean

(Galaiko 66, Catelani and Sethna 08)
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Quasiparticles

QP Density of states at J # 0

e DC field: (Maki 63, Fulde 65)

+ Cooper pairs move
o AC field:

+ Cooper pairs move ~

— QPs move = dissipation E/

numbers of QPs Eq\\
o Weak field: E/
log Rs «x A /T (2)

o Stong field:




Eilenberger Theory of SC with impurities

etwo Green functions: f,(r),gw(r)
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eGap equation

T X /v
Wlogi+Tw§::O (;—(ﬁ) =0 (5)
eCurrent density
J=¢€eTIm > (gvp) (6)
w=0

eFree energy



Calculating the superheating field

e H : Threshold H of the Meissner state
£ K< A, J homogeneous,H = Hy,, J = J:. at x = 0.
Je.depairting current density

HG,(T) = HZ(T) + T w(2 = (ge) — 1/{gc))
w
o Hg, > H > H.1: metastable Meissner state

o surface effect, Hy, > H.

e cffect of impurities plus current? DoS?

(7)



H;,, non-magnetic impurities

eH ,(T) is similar to clean SC o [12NMA9 _ prClean o 449, pGlean
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QP DoS at H = H,,, non-magnetic impurities

eDOS at various J, £ ~ & eDO0OS at various J, clean

(Maki 63, Fulde 65)
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Gap in the spectrum

eGap at H = Hs VS «
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Detrimental effect from magnetic impurities

e H, vs T with magnetic impurities

Hyp,(T')/Hc(0)

oA\ Vvs T

(Abrikosov and Gorkov 61)
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) slope and impurity level:Possible mechanism of the
baking effect

1 ' | " clean - e() vs H, various treatments
091 dirty T (Giovati 10)
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Conclusion: When is H, relevant for SRF cavity ap-
plication?

e Absence of quasiparticles

e NONn-magnetic impurities can improve SRF performance
o Hy, +£4%.
o Gapped state, H = Hy,.
o No state for QPs; E < 4.
o Dissipation suppressed.
Impurities reduce the field dependence of Rs and reduce the high-
field Q slope. Possible mechanism of the baking effect.

e Cleaner is not better
o Gapless state; H ~ Hgy,.
o AC field; QPs dissipate energy.
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