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Abstract 2 THERMOMETRIC MEASUREMENTS

At high gradients (Eacc > 15 MV/mBRF cavities show Two cavities (C1-10and C1-05) were equippedwith
anomalous RF losses resulting in a strong dg@arease surface thermometry and cold tested. Bsitbwedthe Qo
although no electrons activity or X-rays are detected. Tesdegradation above 15 MV/m. The first interesting result is
performed on such cavities equipped with surface the linear dependency of the surface resistancevitsthe
thermometers clearly show diroad areasion quadratic dissipated powePcav in the cavity (Fig. 2). It seems to
heatings withrespect tathe accelerating field. Numerical be a signature of this effect on bulk niobium cavities (EB
simulations using a thermabdeallowed us tostudy the welded or spun).

SRF cavity thermal behaviour in transient regime. Somr 160

results on thequench dynamic are confirmed mormal 140 |[OK3 yd
zone propagation velocity during thermiadleakdown of 120 |/B1P4
different cavities. =100 |/ACT o1 -
<) ®C105 14

1 INTRODUCTION 0 o L —
In several laboratorie6C.E.A., K.E.K.,, D.E.S.Y..)), a 40 o
new phenomenon is sometimes observed on SRF caviti 20
at high gradients (abovel5-20 MV/m), somecavities 0
show a strong Qaegradationalthough neitheelectrons 0 10 20 30 40 50
nor X-rays are detected(Fig. 1). At K.E.K., thiscavity Pcav W

behaviour is sometimes observed, whereas it is system
in the cavity experiments at Saclay [1Another
remarkable fact ighat the seamless spun cavities als
showed such a behaviour [2]. Irorder to determine Two different assemblieswere usedfor thermometric
whether ornot the extra power dissipated islue to measurements. The first one was moskglicated to the
anomalous RF losses, weave developped a surface study of the heatings on theguator.Surprisingly, only
thermometric system to measure the cavity wall heatinggery low heatings (less than 10 mK) were measured on the
Severaltests on 1.3GHz single-cell cavitiesequipped equatormeaning that theveld is not responsible for the
with this system werearriedout in a close collaboration Qo degradationThis could be confirmed bythe same
with the CE Saclay laboratory. Feachtest, thecavity observation of the Qo drop on seamless cavities (spun).
performances werelimited by a quench. A fast -~ , .
measurement of the instantaneous transmitpegdver & :
during the quench allowed us to leambout thequench
dynamics, such as the expansion velocity of the normal
resistive zone and its size.

afyi‘g":]ure 2: Variation of thesurface resistancaith the
c(;issipated power in several cavities.

10"
Qo m
0

10* —ok3
- @1P4
- AC105 11
- @CL105 14

10° : 1 ‘ 1 ‘ : ‘ Figure 3: Thermometric apparatus mounted on the cavity.
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Another assembly allows us todispatch more
thermometers out of thequatorregion. It consits of 60
Figure 1: Qodegradation ahigh field without X-rays or surfacethermometersdispatched on 6Garms around the
electrons for different cavities: K3 (KEK), 1P4 (LNL spuncavity (seeFig. 3). All of themare placed in aegion
cavity), C1-05 11 and C1-05 14 (Saclay). where the surface magnetic field is still at his maximum.
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One important result is that the heatingeasured are not The basics of the method is tieterminethe increase of
quadratically dependent dhe accelerating fieldFig. 4), the power dissipated ithe cavityduring a quench from
meaning that the Qo drop is due to anomalous RF lossehe transmitted power (Fsignal measurement (Fig.5) and
Moreover, almost every thermometer hashis to attribute it to a growth of a normebnducting surface.
characteristic, proving that broad areas are involvetthi;mm  The first step is to use the technique of the Cornell group
new loss mechanism. Nevertheless, the heatings do 6} to find (Fig. 6) the instantaneous Qo:

exceed 80 mK (cavity C1-05), and this is not sufficient to

1
explain the increase ofthe surface resistance by a 2 \/ P(t)/ Qo —— [, Qg R(t) /dtg
temperature increase ofthe RF wall. A possible = w _ 1
explanation for the Qalegradation isthe existence of a Qo(t) + Qe [R(Y) Qe
damaged layer (mechanical or chemical) due to ekdign
Pressure Rinsing or chemical polishing (CP) [3]. with 1/Q,, =1/ Qeixt +1/ Qg
80 I o where Pi is the incident power (constant duringdbench
60 1 & Th#9 () in our experiments), Q the external qualityactor and w
2 © Th#28 Oe¢ the angular frequency
E 4o || @TH#29 Lo 10
= || aTh#3s Poe? )
< 20 Qoll \
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Figure 4: Heating measured on cavity C1-10 %s.E 0 0.2 ¢ C()r'r?s) 0.6 0.8

In order to verify the effect of an in-situ soft heating of the , , i
cavity at 110C in the cryostat [4], wenadetemperature Figure 6: Quality factor decay during the cavity quench.
measurementbefore(C1-05 11)andafter (C1-05 14) the without FE activity, the dissipated powerridated to the
treatment which stronglyeducedthe Qo drop (Fig.1). magneticfield peak H,, the equivalentcavity surface S,
Between the two tests, the cavity was kepinder the normalsurface §, the surface resistance Rand the
pumping, but wehad to dismount the thermometers. normal surface resistand®} by the relation :

Despite the incertainty on the thermometer efficiency, one 1 , N

clearresult is that for the samaccelerating field, the Fus(t) = tHi (t)EﬁRs[S+ Rs [Su(t)] @)
heatingsmeasured areuch lowerafter the treatment @ 1phe relationshipbetween B.. and the unloadedquality
factor 5 in average). The heatingjel not exceed 7 mK at ¢5tor Qo is ( is the accelerating length):

the maximumEacc,but still somethermometers do not 1y
dependguadratically onEacc. Thequench occured at the Eoe()= -0 = 0/Qo() Pyt ()

same Eacc, at the same locatiangdthe heatingseached I\ Q

areidentical, confirming thendependance ofhe quench Combining (1) and (2), and using the relation

from the Qo drop phenomenon. E.c(t) = a [H, (t), we obtain the following equation:
3 QUENCH DYNAMICS STUDIES S.(0) = 1@1 g’ RlE
2 r N s
Fast measurements of the transmitmalver during a Qo(t)%m %\/QE (Rs

quench onthe 1.3 Ghz cavitiezould give interesting
informations on theyuenchdynamicswith the use of an Note the strong influence dRY as S, O1/R§ (we have

analysing method developped at the IPN [5]. usedRY = 2.2 mQ).
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Figure 5: Transmitted power recorded duringuanch in a
1.3 Ghz single-cell cavity (test C1-05 I1). Figure 7: Radius of the normal conducting area.
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Assuming acircular shape forthe expanding normal an important variation of theesidual surface resistance or

region &= [R5, we have an immediate measurement dhe kapitza resistance does not affect the quench dynamics.

the normal conducting surface radiugRFig.7). Forthis 700
cavity, the radius of the normal zone was 48mm at the et 600 | | |
of the quench, corresponding to 10% of the cavity surface __ ARRR 57‘1) A
From Rc(t), we can easily calculate the expansion £ 500 1— ®RRR 194 /
velocity Vy(t) and from theEacc(t)and Vio(t) curves we £ 400 +— BRRR 40 4
deduce the experimental /= f (Eacc) curve (Fig.8). g 300
> 200 o
350 | | /
300 -—|==—=Experimental 100
7 250 1-| A Simulation 0 W
'€ 200 0 5 10 15 20 25 30 35
150 Fa Eacc (MV/m)
2 100 /| . _ _
> J{ Figure 10: Calculated normal zone expansion velocity as a
58 RN _'ﬂr.-’ RS function of E., for different RRR RS = 2 mQ).
0 5 10 15 20 25 30 4 CONCLUSION

Eacc (MV/m
( ) Surface thermometry wasused to prove that the Qo

Figure 8: Experimentaland simulated normal zone degradation athigh fields was due to anomalous RF
propagation velocity as a function of the accelerating fieldosses, which seem to beharacterized by dinear
dependency othe surface resistanceith the dissipated
power in the cavity. These RF losses due to badroad
areaswhich could be originated by damaged or a weak
superconducting layer on the RF side of the cavity wall.
Two complementary methods have beeevelopped
(experimental and simulational), giving the toolsstady
and understanthe mechanism of thguenchpropagation
in SRF cavities.

In order tostudy the influence of the niobiurthermal
properties on thequenchdynamic, we haveused the
transient thermal code "Fondue" [7] to calculate dtwve
V\=f(Eacc). This code simulates the heating of a
Niobium plate (2mm thick)subjected to a heat flux
(function of Eacc) on one side and cooled by Hgdbitza
resistance) onhe other side. \- is calculatedfrom the
radial temperature profile othe RF side as dunction of

time, giving the instant whewach cell of the mesh The authors would like to thanks A.CaruetB2Coadou,

reachesthe critical temperature Tc@d Knowing the B paillant, N.Hammoudi, K.Wosinskiand J.F.Yaniche
thermal conductivity of the niobium (RRR=570), were o their technical assistance.

able to simulate \.=f(Eacc)(using R}=2.2mQ), which
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Figure 9: Thermal conductivity for numerical simulations
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