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HIE-ISOLDE Nb/Cu Quarter-wave resonators (101MHz)

Prototype: rolled sheet  Series production: New design: fully
+ a number of welding machined + one welding  machined + no welding

Seamless
cavity

Beam port nose: 7 Beam port nose:

Beam port nose:
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Q vs E cooled down under a compensated magnetic field
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Q vs E cooled down under a static magnetic field
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Function of Q-slope (seamless cavity): empirical Rs vs E fitting

B-field compensated when cavity crossed Tc

2 9of W T ——
o 80F- % enlarged . . ———
70E 305 ................ S— o]
60L o -
50¢
A0F o TTETE s
30F
D) mmmemesenss-e-e-t=t" —
T0E
O:....i....i....i.... AT ST AT ETETE AN AT
0 1 2 3 5 6 7

Intrinsic Q-slope is temperature dependent
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Q-slope by trapped vortex is close to linear at
low fields and weakly temperature dependent



Trapped vortex effect by the collective weak pinning

RF field oscillates the trapped vortex under statistical ] ! P[’ellm[na[’y
sum of many pinning centers RF
D. B. Liarte’s (Cornell) analytical approximation resulted in
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On the other hand, experiment showed
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- Good agreement! Only a factor of two! Hgy
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Different material parameters (&y, 4., Ry, J)
- Different sensitivity to the trapped vortices
- Parameter determination is important!
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FIG. 4 Motion of a single trapped vortex subject to an RF

field and collective pinning forces.
(See A. Miyazaki's presentations in topical TTC at FNAL) Curtesy of D. B. Liarte



Welded cavity = sensitive to thermal gradient AT

Uniform cooldown when cavity crossed Tc Thermal gradient when cavity Crossed Tc
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The best possible cooldown still contains linear term  The physics from AT= trapped vortex is
- Severe trapped vortex contamination? still a missing link (only speculations)
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Comments on the trapped flux effect
e Our findings

e Linear Q-slope in residual resistance caused by
trapped flux

« A similar phenomenon was produced by thermal 140 |
gradient when crossing T,

« Commonly found in historical Nb/Cu cavities (Q-slope *
prOblem> 120 ‘ | ‘ ‘ ‘ ‘ ‘
« Bulk Nb cavity [G. Ciovati and A. Gurevich SRF2007] ° %0 o0 90 120

e Linear Q-slope caused by trapped lux B, (mT)

« Nb3Sn/Nb cavity [D. Hall SRF2017] o, emelaeden i m
* Linear Q-slope caused by trapped flux 190 | j ' 7T 150
« Thermal gradient effect

« This linear Q-slope might be a universal
phenomenon in SRF cavities

« Just a different material parameters and environment
« De-pinning current, mean free path, B-shield, -

« Thermal gradient problem seems a unique
problem of bimetal cavities
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Intrinsic Q-slope (non-linear)



T-dependent Q-slope is a universal phenomenon in QWRs
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Surface resistance increased by quenched hot spots can be expressed as

Ro(T, H) = j R (T, H, Rp)f (Ry)dRs

0
Distribution function of thermal boundary resistance can be obtained from O-slope
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This model is not consistent with the T-dependence of this Q-slope
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An empirically found formula to fit the data

(A, A R, p5) from RS VS T data

A
R,(T,B) = =
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A 1830 + 35.82
H A 19.64 + 0.09084

1 R..  14.33+0.01053

Low RF field
Hpeak=3 mT
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Such an exponential dependence has been reported by others (bulk Nb and Nb/Cu)
R. L. Geng (Cornell) "Thermal analysis of a 200MHz Nb/Cu cavity” SRF2001 [ad hoc]

1.
2.

D. Longuevergne (IPNO) "Magnetic dependence of the energy gap:--

" SRF2013 [exp(B2)]



Temperature dependence of a.
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a < T~1 from the data & change the parameter by a = M/kgT
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This new constant M has a dimension of magnetic moment [JT-1]
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Comparison of magnetic momenta
 [formula__ |Value DT Jref.

This experiment M = a(T)kgT 9.8x1072%2

Pair breaking by Apevp 5 75¢10-21 V. Palmieri SRF2005
RF supercurrent PrVs = VDs Zary T. Junginger’s thesis 2012 Ao = 30nm
_ 6
Bohr magneton _eh Pp—— 8F<_p?-i71x10 m/s
(electron spin) Hp = 2m, '
Trapped flux 1 _
quantum SHobol 1310 21x1
NC core Flux quantum

Magnetic permeability u, = 4w10~7 $o = 2.07x1071> Wb
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supercurrent 2

Flux length I [m] Magnetic momentum
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Total energy of one flux quantum stored
in the magnetic field in the NC core
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Comments on gap reduction W
e Our findings in the HIE-ISOLDE Nb/Cu cavity
 The naive gap reduction explains field and temperature o] o esoms ]
dependence very well os] 220 _

* Frequency ~ 100MHz R

» Mean free path >50 nm [A. Miyazaki TTC Topical 2017 @ FNAL] T 2amm ]
 Quarter-wave resonator : tex |

Similar phenomenon in bulk Nb QWRs (high RRR) as well
« Relation to the N-doped bulk Nb cavities

« The pair breaking effect is overwhelmed by DoS smearing Ve ra et
~anti-Q-slope [in the dirty limit; Gurevich PRL 113 087001] o em T
* Frequency >> 100 MHz (M. Martinello TTC Topical 2017@FNAL]

x1078

. !Vlea)r]l free path < 50 nm [J.T. Maniscalco et al., J. Appl. Phys. 121 043910 S 2 200nm [+ enx
2010 2l + Taox| ]
« Elliptical cavity gs\“—w :
I I I < 1w
« We might see different aspects of the same physics
« Different parameters = different observable Q-slope Ot e



Conclusion

e The Q-slope in the seamless Nb/Cu cavity was decomposed into
 The linear term caused by the trapped flux
 The more intrinsic T-dependent exponential term

* The linear term can be explained by the collective weak pinning model

« Thermal gradient causes the similar result but the effect of cooldown dynamics to
trapped flux is not yet known

« This term was seen in most of the Nb/Cu cavities and also in other cavities

e The intrinsic Q-slope seems a universal problem of low frequency QWRs
« The similar T-dependences were found in bulk Nb

 The function can be fitted by exponential but the naive model of gap reduction
deserves deeper theoretical consideration

 Frequency dependence is the key = Harmonics measurement, QPR, ---

« The Q-slope may not be the limiting factor of Nb/Cu technology
« Just a matter of different material parameters and environmental condition

« Optimizing for lower residual resistance and compatibility to optimized RF design
will be the next steps



