






increasing RRR for nonlinear BCS case which is consistent with linear BCS case. Smaller residual resistance lead
to stronger medium field Q-slope for nonlinear BCS case. In Fig.3(f), a medium field Q-slope decreasing trend with
increasing Helium bath temperature below lambda point hasn’t been observed[3]. Instead, a increasing medium field
Q-slope with nonlinear BCS is seen with temperature rise which is consistent with linear BCS case.

(a) Phonon mean free path variation (b) rf frequency variation

(c) Wall thickness variation (d) RRR variation

(e) Residual resistance variation (f) Helium bath temperature variation

Figure 3: γ values with different parameters

In Fig.3, all the γ values got from nonlinear BCS cases are not very well fit by Eqn. 5 when 15mT < H0 < 90mT
because of the medium field Q-slope enhancement by nonlinear BCS resistance which can be seen from Fig.4. Rs(H0)
can be better fitted by adding γ∗∗(T ). Here Rs(H0) curve is obtained with a stand set for parameters as Table.1
except that rf frequency is 1.3 GHz.

A comparison has been made with experimental data from Cornell reentrant cavity[4], 1.5 GHz cavity and 500
MHz CESR B-cell cavity. The results can be seen in Fig.5, 6 and 7. For both cases, we used a smaller surface
electron mean free path corresponding to a smaller surface RRR for baked cavities. In Figure.5 a good agreement
between the numerical results and experimental data in the medium field range. In Figure.6, the agreement is even
better in the medium field range for the baked cavity. In Fig.7, a very good agreement is seen in all the field range
since 500 MHz cavity provides a typical medium field Q-slope example. The nucleate boiling Helium heat transfer
show a wide spread as in Fig.8 which depends heavily on surface conditions. Generally, the heat flux q has a form
as[5]:

q = C(Ts − Tb)d (6)

where Ts and Tb are the temperature of Nb outer surface and Helium bath, C and d are constants depending on
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Figure 4: Rs(H0) fit

surface conditions. We have adjusted C and d to match the Nonlinear BCS feed back curve in Fig.7. That indicates
that the strong medium field Q-slope in 500 MHz cavity may due to the poor heat conduction between Nb and helium
bath temperature. While for all three cases, thermal feed back combined with nonlinear BCS exhibits a stronger Q
drop than experimental data.
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Figure 5: Reentrant cavity data with nonlinear BCS resistance
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Figure 6: Cornell 1.5 GHz cavity medium field Q-slope with nonlinear BCS resistance
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Figure 7: Cornell B-cell cavity medium field Q-slope with nonlinear BCS resistance
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Figure 8: Heat transfer between Nb and helium in nucleate boiling regime
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