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Abstract The thermal diffusivity of high purity, polycrystade Nb
Very powerful RF cavities are now being developed f at 2 K is of the order of 0.01218EC, which, for mm thick

future large-scale particle accelerators from hpghity —Walls, gives ~msec thermal equilibration times. iRitses

sheet niobium (Nb) superconductor. Today’s advancedfe typically of that length (or longer) and theref the

prototype resonator cavities operate in peak RFaser Process is reasonably well described as a steatdy st

magnetic fields of up to 180 mT at quality fact@s> The following briefly summarizes the thermal feedba

10, This is the result of a successful worldwidemodel. A more detailed discussion can be foundlin [

technology development effort over the last decades ~ We solve the following steady state heat balancaigon
The basic model for Q-slope in SRF cavities, ite t

reduction of the cavity quality factor with incréag 9 (T )alerd (T..H,..)o(x)=0 (1)

operating electric and magnetic fields, is the ated 0x =~ "ox 7 ‘

thermal feedback model (TFBM). The exponential

dependence of the BCS surface resistaRg€) of the p _ 1 RS(T )Hép (2)

superconductor on the temperatdrg@rovides a positive ds 2
feedback with the RF power dissipation ultimately
leading to thermal runaway (thermal quench) of Rle which contains heat conduction and generation terms
exposed surface. Most important for the agreememthere the delta-function in Eq. (1) reflects thetfthat
between the model and experimental data, howeser, the RF heating is concentrated in a very thin serfayer
which different surface resistance contributionse arof thickness A~ 40 nm, whereAis the London
included in the TFBM calculation. This paper présean penetration depth. The RF power dissipated perareia
attempt to further clarify if the non-linear pd&ireaking in the cavity depends on the RF magnetic field émom
correction to the BCS resistance [1,2] is amongséhoHg= and the (temperature dependent) RF surface
essential surface resistance contributions, throwagh resistancdRy(T) as given in Eq. (2). The equation assumes
comparison of TFBM calculations with experimentatal that the loss is due to the RF shielding currenty and
from bulk Nb cavities. The discussion encompasses reeglects the contribution by electric surface el@gnd
wide variety of cavities from DESY, CEA-Saclay, 84, associated dielectric loss for instance).
Cornell University and Fermilab.

The solution of Eg. (1) depends on the surface

THE THERMAL FEEDBACK MODEL temperatures on both sides of the Nb sheet. The

The small but finite amount of heat deposited om thtemperature on the RF exposed sidg, drives the

e surace of the superconducing R caviy i SUSCE [BOSETE Whle 1 eberae on etk
operation is conducted through the cavity wall amid e P ' y

the liquid helium bath surrounding the cavity. Inet can be derived exactly from the boundary conditions

TMO1 mode the heat is mostly generated in a widp st (Egs. 3 & 4) for a giveige, To andRs (TmHer..).
around the equator area, where the magnetic fihdl ( T

th_us the surface current) peaks. The peak .fleldl ae he, (T T)d(T _To): I /((T')dT' 3)
wide enough to allow for a one-dimensional “*

representation of the thermal problem. The tempezat

profile across the Nb bulk and the temperature drop

across the Nb-helium interface (with the cavitissially —R(T, H., JHE = Pap (T, T)(T, - T,) (4)
operating in superfluid helium the thermal impedané
the helium can be neglected) can be calculatedtlgxac
from the steady state heat balance equation and th
temperature dependent thermal properties, ther
conductivityx,(T) and Kapitza interface conductarigg,.

In this work we will use the exact, numerical smos

F Egs. (3)&(4), unlike simplified TFB-models which
ave been often used in the literature.

The strong temperature dependence of the BCS
resistance is at the core of thermal feedback.ifdrease
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of the surface resistance with field is the resfita

feedback process during which the surface temperatu lin m

increases due to RF heating, while the RF heatin ﬁ'g”CS(T,B):W{jgnhz[mcos(t)}anz(tbt}
increases with surface temperature. The feedback is B 0

strong because of the exponential dependence &% ,B( )—LA h _Hge (6)
surface resistance on temperature. In this protess T2 kT’ - H_,

cavity surface temperature increases as the appled
magnetic field increases until thermal run-awayurscin
the absence of other limitations (such as the catiti . T
magnetic field) the thermal model therefore coulsba ﬂn whereh < 1 is the reduped magneu? f|e_ld. For IO.W
predict the applied RF magnetic field at which taity flelds,ﬂn §< 1, the_: f|rs.t nonlinear correctlonils quadratic
quenches. The quench field due to thermal feediimck N Hre, While for high fieldsfh >> 1, the non-linear BCS
typically referred to as “thermal quench fiel#f, (as resistance increases exponentially:

opposed to the superconductor critical field,). The

TFBM is only as good as the surface resistance and i B He 2 @)
thermal parameter models that are put in. We vidtass  Reses(T+B)= Rifes (T sl

here one of these models, following the procedure o0

outlined by A. Gurevich in [1,2].

The integral can be solved analytically for smalll d&arge

/’(T):i 712
RF SURFACE RESISTANCE RU (7 )= Rin_ (1) 48" [H) ®)
s, s, ,[)'(T)WN/ZT H -

The RF surface resistance of bulk, high purity Nithie
superconducting state is very small but cannot be
neglected. It is usually defined as a sum of theSBC
resistanceRsgcs, and the residual resistan€gs. Other dependent, can be derived from Q measurementsein th
contributions due to field enhancement on grainesdg cavity at different temperatures. The fit of the
trapped magnetic flux or vortex penetration in gral mperature dependence of the surface resistalmesal
boundaries can also be added (a review of differen to separate temperature dependent (BCS) and
surface resistance co_ntributions can be found]m {l_31e independent (residual) surface resistance coniilsit
BCS RF surface. reS|stancg resylts from the '”.‘mCt This procedure is easiest (and usually appliedjoat
between the RF fields (Io_callzed in a surface lalefined .4 where it yields the linear BCS component. high
by the London penetration dep#) and the thermally fie|qs the low and high field BCS contributions dete

activated electrons in the superconductor: be distinguished, adding difficulty to the proceslur
A The non-linear BCS surface resistance is defineHdyy
R (T)= A(wZ‘A)e‘G (5) (6) for the clean-limit({>> &) only. Taking into account
Bes T of impurity scattering is a much more complicated
problem, but a first order quadratic correctiorthed non-
whered ~1.5 meV is the superconducting energy gap, andinear BCS resistance for arbitrary mean free paitfh be
the factor A@, A, & ¢, T) O «f depends omnd, A, the written in the form similar to Eq. (7):
coherence length, (~ Ay), and the mean free path1].
The superconducting material parameters may vary i n ‘ H o 2 (9)
strongly throughoutd due to the presence of metallic Rs-Bcs(T'B):Rs-Bcs(T)1+C(€""'T)(HJ o
oxides and defects on the surface and along grain ¢
boundaries [4]. Therefore, in the absence of exact
parameter profiles of the material in the cavitigse WhereC({,wT) is now a function of the mean free path,
linear BCS surface resistance is typically writianthe —andHc(T) is the thermodynamic critical field at operating
form of Eq. (5) with the understanding that theapaeters temperature. In the clean lim@ is of the order of unity
A(e) and4 are actually averaged ovér in Nb at ~2 K and increases as the temperatureedses
Eq. (5) gives the linear BCS surface resistaneethe (S€€ EQ. (7). Note that the largeéibecomes, the smaller
BCS contribution at fields much lower than theicat the field range in which the first order expansioreg.
field H,. At RF fields approaching the critical field the (9) is valid. GenerallyC decreases a decreases, that
coherent motion of the Cooper pairs constituting thiS: the BCS nonlinearity becomes less pronouncettieas
shielding current causes a reduction of the effeagap in ~ Surface layer gets more contaminated with impuitie
the quasiparticle spectrum, greatly increasingdéesity ~ Given a very little information about the mean festh
of thermally-activated electrons and thus the B6SsI in the cavity surface layer, the value of C in E®). can
The non-linear BCS surface resistance for a type-f€ regarded as a fit parameter in the TFB calanati
superconductorA(> &) at low frequenciebw<< A in the
clean limit can be obtained in the form [2]:

The BCS resistance, which is strongly temperature




THERMAL PARAMETERS

Fig. 1 shows different model implementations of the
thermal conductivity of polycrystalline, high pyriNb,
consistent with experimental data. Instead of usirigll-
blown model (such as presented by Koechlin and mBoni
[6]) we used a simple fit (Eq.10). Note that this f
assumes a “mild” phonon peak.

1000 ¢

100

= = *Koechlin-Bonin (RRR 300),
no phonon peak

—>—Koechlin-Bonin (RRR 300),
with phonon peak

— Solyak (300) based on

10 |

Thermal conductivity (W/K/m)

K(T) =07 6(1'6570'1T2) W (10) Reschke/DESY data
K -m T
0 2 4 6 8 10 12
Similarly we used a phenomenological fit for thepikza Temp (K)

interface conductance, such as proposed by Mithddr

T-T<l4K:

1+1.5{T_;T°J +....
heap(T.To) = ZOG:ﬁTDA'GS ’ 2 3 (I;/;Inzj
+[T;T°j +0.25(T _TOJ

0 0

Figure 1: Thermal conductivity of high purity Nb
(RRR=300) according to Koechlin-Bonin and the sienpl
fit (“Solyak-fit”") used in the calculations presedthere.
(11)  .vity and Kapitza conductance in Table 1. The th&rm
parameters given in the table were calculated ettith
temperature for illustration purposes. The pararaefer

pool boiling helium 1 [8].

MODEL VERSUS CAVITY DATA
The following presents a comparison of the model a

the linear BCS (Eq. 5) and the residual resistames
derived from fits of measurements of the surface
We also simulated some 4.2 K cases, where we usesistance as function of temperature at low fietldeach

h=20T° W/n?/K instead of Eq. (11), consistent with cavity respectively. Note that the gap parameteifie,T,)
literature data for strong free convective heangfer in

found with this procedure are usually ~2, ~10% high

than expected even after taking

into account gap

deterioration due to oxides. This result might eefl
strong electron-phonon coupling effects in Nb. The

nresidual resistance is the value to which the losldf

experimental data. The model consists of the exafe(l) datatend at very low temperature, where the BCS
resistance vanishes. TlgEparameter was calculated with

numerical solution of Egs. (3)&(4), using the lin&zCS
surface resistances measured in the cavities affiedes
and using the non-linear BCS resistance in thendieait

model (Eq.

6) as well

the

the respectived obtained from the low field fits of the

linear BCS resistance. The material paramefgrs were

low-field quadraticassumed to be 40 nm. The values of the paranttar

approximation of a more general model (Eq. 9). Nbegg  Ed. (9) listed in Table 1 were derived from a dfta
in absence of exact knowledge of the mean free ath Calculations withC,570 were performed for rf fields &t
the contaminated surface layer, the C constantvwadsd
to fit the data. The linear BCS fit parametérand 4 as

well as Rses and the clean-limit,

<160 mT to remain below the critical field. Noteathall

models used here assume uniform surface properties.

non-linear BCS The most important criteria the experimental data

paramete are listed together with the thermal conducti-nNeeded to satisfy for this comparison is that thay to be

Table 1: TFBM parameters for cavity Q calculatitmear @kgT., A(c), Eq. 5) and non-linear BCS resistance

(8, Eq. 6 andC, Eq. 9), thermal conductivityx( Eq. 10) and Kapitza conductand®g.f, Eq. 11). Data out(inside)
parentheses are for before(after) the low temperdtake. * assumed values.

C-103 C-115 D-AC70 F-3C-1 J-LLSC J-OCSC CU-EI1-30
CEA CEA DESY FNAL JLAB JLAB CORNELL
To (K) 1.44 1.6 2(1.9) 1.8 2.0 14 1.53 (1.75)
G (@) 283 283 270 291 282 273 255
d (mm) 2.6 2.6 2.6 2.6 2.6 2.6 2.75
K(Ta) (W/K/m) 6.1 7.6 11.22 9.9 12.7 5.8 6.9 (9.3)
hiap(To) (W/K/M?) 1090 1780 3956 3080 5021 956 1445 (2699)
Rres (NQ) 3.2 (4.2) 1(2) -10 (5.2) 10 17 (9.4) 5 (3.6) 11 (11)
Roes,in(To) (NQ) 0.5(0.3) 1.7 (1.05) 24 (4.3) 40 31 (20) 3.9 (5.1) 5.6 (1)
AksT, 2 (2.05) 1.97 (1.93) 1.53 (1.94) 1.92 2.1(1.94) 2.09(2.15)  1.99 (1.99)
A(w) (10 QK) 2.54(1.96) 2.3(1.1) 0.55(0.97) 13.6 4.05(1.56) 4.1 (2.19) 3.4 (2.3)
Te (K) * 9.2 9.2 9.2 9.2 9.2 9.2 9.2
w21 (GHz) 1.3 1.3 1.3 3.9 1.5 1.5 1.5
B 142 (145)  12.6 (12.3) 7.8 (10.4) 11 107 (9.9) 153 (157) 13.3(11.6)
C (MoHs=180mT *) - 3.6 (3.4) 1.5 (2.5) 0 2.6 (2.2) - 3.9 (2.9)
HoHeo (MT) * 200 200 200 200 200 200 200




state of the art and have as little low and medieid Q-
slope as possible, such as to limit the surfadstease to
the basic residual and BCS components. The lat
condition would obviously improve the model/dat
agreement, with the model using only BCS (and tesd)d
resistance. All the cavity experimental resultscdssed
here were chosen with these criteria in mind. Fames

1.0E+12 ¢
E CEA C1-15 Lin. BCS only,
before/after bake k=7.6, h=1780

1.0E+11 =

cavities we had data both at ~2 K and ~4.2 K. Mc 1.0E+10 ¢ =~ —
cavities were single-cell prototypes, with the onl i corr. (5=12.3, B,,,=200mT) in. BCS-
exception being the DESY AC70, which is a full-lémg 1.0E+09 - 425K ©=35,

9-cell TESLA cavity. The Saclay and DESY cavitiesrey W B:=180mT)
electro-polished, while the J-Lab, Cornell and FNA Fmﬂ\

cavities were BCP etched. The J-Lab cavities ard 1 1.0E+08 ——
Saclay cavity C115 were also post-purified (heaated 0 40 80 120 160 200

at ~1400C in the presence of Ti to increase RRR). Tt Peak RF Tisld (mT)

thermal conductivity function was not modified toFigure 2: Comparison of measured and predicteditgual
account for the increased RRR. The data obtainéatée factor of a CEA/Saclay single cell TESLA cavity (a5)
and after the low temperature bake (<2050 hrs) are before and after baking. Experimental data wereiobd
presented. Essentially allQ measurements were @t 1.6 K and 4.25 K. The cavity was electro-polisaed

Quality factor (TESLA 1-cell)

performed in the CW (=steady state) mode. post-purified and has a very small residual surface
The results of the data-model comparisons are show@sistance.

in Figs 2-8. The figures typically show the caviyality 1E+12 ¢

factor before and after baking as a function ofkpes Cornell EI1-30, Lin. BCS only

magnetic field (at the equator). Typically thredssef 1.53K/1.75K k=6.9/9.25,

model calculations, in at least one of the two sasee LR i efrelatterbaking el

shown as well (given in the order of increasingveturre
at high field): -1- using the linear model (Eq. 8); using
the quadratic approximation of the model for geher:
mean free path (Eqg. 9) and —3- using the non-linezdtel
in the clean limit (Eq. 6). In the 4.2 K cases onlgdels
1) and 3) are shown. The different data-mode
comparisons need to be evaluated on a case-bybaase 1 IR T T T T
However, certain trends can be identified. Therckeait 0 40 80 120 160 200
non-linear resistance model, which produces thengtrst

Q-slope at high field, predicts a steep Q-slopethia . . . )
lowest temperature cases (before-baking), albeitfwld ~/9ure 3: Comparison of measured and predicteditgual

; : ; factor of a Cornell University single cell CEBAF ity
slightly higher than seen in the data. In the cafséhe . .
CEA-C1-03 cavity the 4.2 K data further confirmttiize (Ell-'30) before and after baking. Experimental datae
surface resistance is BCS dominated with no evieleric obtained at 1.53 K before and 1.75 K a“?f bakinige
abrupt kinks onQ(H) curves indicative of vortex bath temperature increased by ~50 mK during the tes

penetration either in the bulk or along networksgdin 1E+12 ¢
boundaries.. At 4.2 K the non-linear BCS contribatis i
almost entirely suppressed, which is consistertt H#(.6.
For ~2 K cases, the quality factor before and afte
baking is better described by Eq. (9) w@&h~ 1-4 in the
medium field region. The non-linear, clean limit deb
usually predicts a too strong slope. At 120 mT obef
baking, however, a kink appears, followed by argr®-
drop, which cannot be described with any mode
discussed here. In the Fermilab 3.9 GHz case Hrereo
data for after baking. The before baking data ar I BN
. . . . 1.E+08
consistent with linear BCS resistance only. 0 40 80 120 160 200
An issue, which was reported in the context of e Peak RF field (mT)
cavity EI1-30, is the possible increase of the bat
temperature during the testing (50 mK in EI1-30)e W
calculated that in this case a bath temperaturee@ase
by500 mK (ath=1, with T~To(1+ h?%) is needed to
explain the Q-drop in the after baking conditioreafter

—

——
o
1E+10 | Wﬁ -
E ] Quadr. non-lin
BCS corr
1.E+09 E Clean limit non-lin BCS corr. (C=29,

(B~12, B ;=200 mT) B.=180 mT)

Quality factor (CEBAF 1-cell)

Peak RF field (mT)

DESY - AC70,~1.9 K Lin BCS
1.E+11 ¢
A

before/after baking \ \
O & . WY AR*“
1.E+10

£ A
7 / Quadr. non-
1.E+08 E Clean limit non-lin BCS-corr. linBGS-corr

=810, B, =200 mT e,
(=610, Byy200T) B,=180 mT)

Quality factor (TESLA 9-cell)

Figure 4: Comparison of measured and predicteditgual
factor of a DESY 9-cell TESLA cavity (AC70) befoaad
after baking. Experimental data were obtained a9 Kl
The cavity was electro-polished.



1E+12 ¢ 1.0E+12 ¢
E Lin. BCS only E

k=12.7, h=5021

FNAL - 3harm-3-cell
1.8K, 3.9 GHz

JLAB - LLSC,2.0K

1.E+11 - before/after baking 1.0E+11

1.0E+10 ¢ lin. BCS only

k=9.9, h=3080

1E+10 [RAET T SRR Recn o

—

L o »
LE08 3 / Quadr. non-lin
E Clean limit non-lin BCS-corr A BCS-corr

1.0E+09 |

Clean limit non-lin. BCS-corr.

Quality factor (CEBAF 1-cell)

Q factor (TESLA-3harm-3-cell)

(6~10,B,;=200 mT) BE=(108~02;T1T) [ (=11, =200mT)
1E+08 Lot 10E+08 L e
0 40 80 120 160 200 0 40 80 120 160 200
Peak RF field (mT) Peak RF field (mT)

Figure 8: Comparison of measured quality factoraof
Fermilab 3rd harmonic (3.9 GHz) 3-cell cavity to aeb

predictions. Experimental data were obtained atKL.8
There are no after baking data.

Figure 5: Comparison of measured and predicteditgual
factor of a JLAB low loss, single cell CEBAF cavity
(LLSC, 1.5 GHz) before and after baking. Experinaént
data were obtained at 2.0 K.

V2 including the quadratic non-linear BCS (Eq. 9) and
: JLAB - OCSC, 14K Lin. BCS only

residual resistance. Since this is much more then t
before/after baking e observed temperature change, the effect was not

1E+11 considered any further in the calculations.

DISCUSSION

The data-model comparisons show that TFBMs based
solely on the linear BCS and residual surface t@sies
(as measured at low field) strongly under-estintie
medium-field Q-slope in ~1.5 GHz cavities. This was

1.E+10 ©

1.E+09 E

Clean limit non-lin BCS-corr
(=15.5) B, ;=200 mT)

Quality factor (CEBAF 1-cell)

e PR N already reported by several other authors [9]. hé t
0 40 80 120 160 200 nonisothermal low-field surface resistance is exped in
Peak RF field (mT) terms of the phenomenological paramegein Ry(H) =

) ) ) _ Recd 1+ ;(HRF/HC)Z], the TFBM on the basis of the linear
Figure 6: Comparison of measured and predictedityual gcs predictsy~ 0.25, while the data after baking are
factor of a JLAB single cell CEBAF cavity (OCSC —pater described by~1-4. In the before baking cases this

original CEBAF shape, 1.5 GHz) before and afteritigik applies only to the medium field slope, while ayer

Experimental data were obtained at the very lo ) ; : ;
temperature of 1.4 K, which explains the high Q. V¥trong Q-drop at high fields would requije-500. The

variation of thermal properties in a reasonablegeaf-
+factor 2) could not transform a “linear-model cageab

1.0E+12 a non-linear case. The addition of the non-line&SB
CEAC103 o ses oy contribution [1,2], improves the data-model agresime
befora/after bake ’ significantly, especially in the medium field regi@and
TOEHT e e the after baking condition. We would also like tota
144K . : that, apart from the exceptional case of the Feim8.9

GHz cavities, the thermal quench fieldg predicted by
TFBM on the basis of linear BCS and residual rasis¢
only, are by a factor ~2 larger than the actualnghe

10E+09 ¢ C'e?ﬁn';rzitznog-'in-zsocijorr- fields (the graphs in the plots are not shown bdythe
=14.2, B, ;=200m

% 200 mT range, however).

Beyond these general findings, however, a very
1.0E+08 Lt 1 ‘ .
. a0 - _— _— _— fragmented picture emerges. In the very low tentpega
Peak RF field (mT) cases (EI1-30 before baking, OCSC, C-103), thenelea

; ) : . : limit, non-linear model predicts a strong Q-sloalbeit at
Figure 7: Comparison of measured and predicteditgual . . : .
fagtor of a CEK/Saclay single cell TESLApcavity Q.O:g) slightly higher fields than measured (Figs 3,6,7he

before and after baking. Experimental data weraiobtl rcna;(;;ljrtgg d%rt];etth(:irigl g?gpgﬁie??g(?uég dabg;ea(ra Wi? th
I 1.44 K high (4.2 K) t
atavery low ( ) and high (4.2 K) temperature %"\ cases (e.q. C115, AC-70, LLSC. or FigsS) the

1.0E+10 |

Quality factor (TESLA 1-cell)




Q-curves follow the prediction based on the noedin pairbreaking,

which results in Eq. (6). Another

BCS model in the medium field region until ~120 mT uncertainty comes from the unclear nature of tisetel

when the Q suddenly drops severely. The clean hiit-

linear model does not predict this Q-drop. Perhapependences.

resistance Ry in particular its frequency and field

The above conclusions are obviously

additional mechanisms, such as discussed recently ontingent upon the many assumptions made in theemo

Halbritter (dissipation at grain boundaries, [4B\revich

(thermal parameters, critical field, .etc). Theeeffof the

(“hot spots model”, [2]) and Ciovati (*kappa model” thermal properties on the Q-slope, however, is wad
[11]) could explain this severe Q-drop. These moadddo effect is best seen in the thermal quench fieldicklis
could explain the discrepancy between calculated amsually out of the experiment’s reach because ef th
measured Q-drop onset field in the T<1.6 K casess | critical field or other limitations).

not clear why the 2 K cases (AC70, C115, LLSC)ighh
fields are not as consistent with the clean-linoih#inear
BCS resistance as the three <1.6 K cases. One atadd
argue that the non-linear model applies betterow |
temperature cases because of the strong increae of
non-linear BCS resistance at lower temperatureoltid
also indicate that the AC70, C115, LLSC cavitiepgen
to have a dirtier surface than C1-03, OCSC, El1sB@h
that the non-linear resistance was reduced, axtpense,
however, of vortex penetration or other Q-drop oays
phenomena?

After baking, the ultimate Q-drop is strongly redddn
all cases, and the clean-limit non-linear model
overestimates the high field surface resistance tlier
cases shown in Figs. 2,5,7 and 8, but describes wieit
for the cases in Figs. 3 and 6. Gurevich proposed a
transition to the “dirty” limit induced by e.g. oggn
contamination, as a possible explanation for thieinga
effect [2]. This hypothesis is consistent with misdef
contamination of the first 100 nm during bakingcdissed
by many authors (e.g. [5], [9], [10] and [11]). Then-
linearity of the surface resistance is reducedhin dirty
limit, and different degrees of clean-to-dirty linsurface
transitions have to be expected. The low surface
resistance in the dirty limit is also a candidateskplain
the particularly flat high field Q)~ 0.1) in the historic [1]
“defect-free” cavity built and tested by P. Kneis@ld his
collaborators [12]. This model requires, howevbatthe [2]
surface is in the clean condition before bakingjcWwh [3]
cannot be concluded unambiguously from this datdeho
comparison. Experimental data about the mean fatle p
at the cavity surface in these cavities would beded.
Note that the observed reduction in linear BCSstasice
with baking (which is believed to be the resulirapurity
contamination) alone, does not explain the elinimabf
the Q-drop (the after baking non-linear model carire [6]
the plots take into account the change in linearSBC
resistance but overestimate the resistance). Thdimear [7]
clean limit BCS model is also not consistent with tata [8]
for the FNAL 3.9 GHz cavity (Fig. 8). This confirnes
trend already noted in [10] that at frequenciesoinelyl.5
GHz, the experimental data are better describedgusi
only linear BCS resistance. The linear model-data

[4]
[5]

CONCLUSIONS

Calculations based on the TFBM were implemented
and applied to the case of the state of the art GiRFies
from CEA, DESY, J-Lab, CU and FNAL. This
comparison reveals that incorporation of the naam
BCS resistance into the TFBM significantly improvibs
agreement with observed Q(H) curves at mediunddiel
(and sometimes at high fields as well).

The Q-slope prediction with the non-linear BCS
resistance in the clean limit underestimates the
ultimate Q-drop before baking. This indicates that
other mechanisms like hot spots or/and grain
boundaries could account for the higher Q slope.
The medium field Q-slope before baking and the
medium & high field Q-slope after baking in cavitie
tested at 2 K is reasonable well described by itg d
limit non-linear BCS resistance.

The nonlinear quasistatic BCS resistance in thancle
limit overestimates the observed surface resistéance
most cases.
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