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Powerful RF cavities are now being developed for future large-scale particle accelerators from
high purity sheet niobium (Nb) superconductor, reaching peak RF surface magnetic fields of up 1En2 In. BCS only, ke7.6, n=1780 LB F i Bes only i acs e w. non-fin BCS-corr
to 180mT. The basic model for Q-slope in SRF cavities is the thermal feedback model (TFBM), Jesg92s  (claee) bectsomT
the result of the exponential dependence of the Nb BCS surface resistance on temperature and 1E41 amas _ \

the dependence of the RF power dissipation on the surface resistance. Most important for the :
validity of the TFBM is what surface resistance contributions (beyond BCS) are included. Here
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we discuss if the non-linear correction to the BCS resistance as recently proposed by Gurevich LE+10 £ peforefafter bake Cornell E11-30,
i . . . . o 153K /1.75K DESY - AC70,-1.9K
could be one of them, comparing TFBM calculations with experimental bulk Nb cavity data from w. non-lin. BCS corr. (C~35, before/after baking before/after baking
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| The steady state heat balance equation (Eq.1) contains conduction and generation terms. The delta- s w. non-lin BCS-corr lin. BCS only Comparison of TFBM and Cavity Data
# function in the generation term reflects the fact that the RF heating is concentrated in a very thin surface a3 (C-2) Bo=180 mT k=12.7, h=5021 — — T se—oes———oE—  TFBM parameters for cavity Q
Vi layer. The RF power dissipated per unit area in the cavity depends on the RF magnetic field amplitude Hge P CEA CEA DESY. ENAL JLAB JLAB CORNELL calculation. Linear (A/kgT,,
(a ] 8 and the (tem_perature depender_n) RF surface resistance Ry(T) as given in Eq. 2. The equation assumes i Efg; T Lo 239 18 20 =3 183(L75) A(®)) and non-linear BCS
A heat _eim that the loss is due to the RF shielding currents only and neglects the contribution by electric surface fields. S 1E+10 G iy 26 28 25, 28 26 28 N resistance (C(T,,w)), thermal
ok Shterface The solution of Eq. 1 depends on the surface temperatures on both sides of S Prao(Te) (WIKI) 1080 1780 3956 3080 5021 956 1445(2609)  conductivity (i(T,)) and
the niobium sheet. The temperature on the RF exposed side, Ty, drives the 8 PR S A i . no0 sendh  sem Kapitza conductance (hyp).
Gl aT w surface resistance, while the temperature on the helium side, T, drives the > JLAB-LLSC, 20K MTe 2(205)  197(193)  153(194) 192 21(194) 209(215) 1.9 (199) Data out(inside) parentheses
&K(T )& Piiss (Tm JHe, )é'(x): 0 (F] Kapitza interface conductance. They can be derived exactly from the boundary § before/after baking ?C(m')((l‘o ) znr;(»zzm) 2511 2) 0.59'312058) 148 44;1.7) 4.46 12 38) 379{2 5) are for before(after) the low
conditions (Egs. 3 & 4) for a given Hge, T, and Rg (T, Hge.-). We used a g | ) ) | ol2 (GHz) 13 13 13 39 15 15 15 temperature bake. * assumed
Pu = 1 R,(T,HZ [ Wz} computer program to calculate the exact, numerical solutions of Egs. (3)&(4). LE09 o P 80 120 160 200 fﬂ”{m)w 451;35) 36154) 15155) 123?) Zsu(:)z) 521{;15) 39159) values.
2 m The strong temperature dependence of the BCS resistance is at the core of Peak RF field (mT)
Ty thermal feedback. The increase of the surface resistance with field is the result
N (T To (T, =T, ) I‘T BT (7} of a feedback process during which the surface temperature increases due to The model consists of the exact solution of the TFBM equations, using the linear BCS and residual resistances measured in the cavities at low field and calculated
T RF heating while the RF heating increases with surface temperature. The material properties. Calculations were performed with and without the non-linear correction to the BCS resistance. Note that the model implementation here assumes
1 RUT. HHE, = he (T T, YT, —T, ‘W ) TFBMis only as good as the surface resistance and thermal parameter models uniform surface properties. The most important criterion the experimental data needed to satisfy for this comparison is that they needed to have as little Q slope as
2 m RE ™ TKap m? that are put in. possible, such as to limit as much as possible the surface resistance to the basic residual and BCS components. Most cavities were reduced size prototypes, with the only
exception being the DESY AC70 (9-cell TESLA cavity). The Saclay and DESY cavities were electro-polished, the J-Lab, Cornell and FNAL cavities were BCP etched. The
J-Lab cavities and the Saclay cavity C115 were also post-purified. The data obtained before and after the low temperature (~120°C, 50 hrs) bake are presented.
Surface Resistance Material Parameters Essentially all Q measurements were performed in the CW mode. Table 1 summarizes the experimental and model parameters used in the comparison.
T, -k The RF surface resistance of bulk, high purity Nb is usually defined as a sum of LE+1L 10E+11 f——— IIn-bCS only, kz6.1, h=1090 = 10E+10 g lin. BCS only
Recs (T)=Alw)zte ™ (@) . . " s = - A ——— 3 k=8.9,
T BCS resistance (Rggcs), and residual resistance (R,). A phenomenological fit 5 5 5 e 3
of the linear R gcs is given on the left (a=A/kgT~2.0). 3 ES & L 655365% @
R, cs (TyHge ) = Ry ges (T Hee = 0)x.. As recently discussed by A. Gurevich the BCS contribution increases at fields 4 lin. BCS only < codtay %
WY approaching the critical field as a result of distortions of the electronic band @ k=5.8, h:95‘6 2 w. non-lin. BCS-corr. & VAL - Sharmscal
»{1+C(T‘a) H"‘] + } @) structure in the superconductor. The first critical field correction term to BCS € 1e40 | wnondin BCScorr & 1.0E+10 | (€745 Bos180mT) < 1.0E+09 | LK o Gt
¢ goes with C(T,w), a constant of order unity in Nb at ~ 2 K, that can be calculated ) (C~5.3) Bc=180 mT S @
R from material parameters. 8 8 B £ i BCS
c(r.@)=2|1+ In(0) > [ A J The figure shows different model implementations of the thermal conductivity % JLAB - OCSC, 14K . z ﬁ;ﬁ,ﬁ,ﬁé,ﬁ,‘;ﬁ’; 2 v(li:n:cz'?s‘lgt:wmcnc;;
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Thermal Properties blown model (such as Koechlin E Peak RF field (mT) Peak RF field (mT) Peak RF field (mT)
h : >
(os7-0177) w SggdB: ';::r]g;lzts tz‘:;s)"‘::t this E 10 The non linear BCS resistance contribution decreases with temperature and increases with frequency. We observed that the CEA C-103 and J-Lab-OCSC cavities, which
x(T)=07¢ (m) fit assumes a “m.ild" honon é —Kr?echhn-ﬁukmn (RRR 300), no were tested at lower temperatures than the others (discussed here), show a medium-Q slope that is more pronounced than that which can be predicted even with the
peak. Similarly we uged a § 0 7;:2:::::“ (RRR 300), addition .of the n_on-linear BCS resistapce in the TFBM. Reduced thermal p‘aramen‘ers cannot explgin this discrepancy. Could that indicate that the increase of non-linear
11 5[ j phenomenclogical fit for the 3 with phonon peak BCS resistance is underestimated? Is it that at very low temperature the resistance is not BCS dominated anymore and some “other” process takes place?
w PR, H — Solyak (300) based on At frequencies beyond 2 GHz, the experimental data are well-described using only linear BCS resistance and residual resistance in the TFBM — see the case of the
Py (T To) = 200- (T, [ ) Kapitza interface conductance, 2 Reschke/DESY data Fermilab 3rd h N ity. which tes at 3.9 GHz ( In thi the TEBM with li BCS onl dict: th ¢ h field!). This di R .
11, 11, Km?) such as proposed by Mittag, o -ermilab 3rd harmonic cavity, which operates at 3. z (In this case the TFBM with linear only predicts even the exact quench field!). This discrepancy is surprising
T +0.2 e for T-T.<1.4 K. 0 2 4 6 8 10 12 since the high frequency regime is BCS resistance dominated! Does this indicate that the non-linear BCS resistance model as formulated here overestimates the non-
o Temp (K) linear BCS resistance increase at higher frequency? Or is this an indication of a more fundamental flaw of the non-linear BCS model?




