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Superconducting Radio-Frequency Cavity
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Republication.

Cu enclosure Inductive coupling

YBCO Hastelloy ()

Figure 2. Schematic representation of (a) TEq;s mode 13 GHz BZT SiPDR and (b) TEq;; mode 9.4 GHz rutile RDR, designed to
accommodate 12 mm wide tapes, are shown. SiPDR and RDR pictures are presented in (c) and (d), respectively.
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SRF in High Magnetic Field
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Figure 1. Photograph of the LHC beam screen. The proton beam
moves along the axis indicated by the arrow (a). The tubes on top

and at the bottom (b) are cooling channels for gaseous helium, and df B4V2 CZ mln(QL' QA)
the slots (c) allow any desorbed gases to escape and to be (0'¢

cryopumped onto the surface of the cold bore of the surrounding dt T 2

magnet. SysS

S. Calatroni et al, Supercond. Sci. Technol. 30 075002 (2017).
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Vortices in Superconducting Surface
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FIG. 1. Mean-field phase diagram comprising a normal-
metallic phase at high fields and temperatures, separated by the
upper critical-field line H. (T) from the mixed or Shubnikov
phase, which in turn is separated by the lower critical-field line
H_ (T) from the Meissner-Ochsenfeld phase at low tempera-

tures and fields.
G. Blatter et al, 1994 Rev. Mod. Phys. 66 1125
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FIG. 2. Phenomenological phase diagram for the anisotropic
high-temperature superconductors [parameters for YBCO,
Hcl((]]z 730 G, H(Z(O)s==230 T, values extrapolated linearly to
zero, see also Sec. II.C): (a) The Abrikosov vortex lattice is
melted over a substantial part of the phase diagram. The vortex
lattice can melt with increasing temperature (thermal fluctua-
tions) or with decreasing field (exponentially vanishing shear
modulus), leading to a reentrant behavior of the melting line
B,.(T). The thermodynamic phase transition is shifted to the
melting line B, (T), with the upper critical-field line Iic2ET)
marking only a crossover line where the modulus of the order
parameter increases rapidly. The regime of large critical fluc-
tuations where the description in terms of vortex (phase) fluc-
tuations breaks down and amplitude fluctuations become im-
portant is confined to a rather narrow ( ~ 1 K wide) region close
to HCI(T). The drawing is not to scale, but emphasizes the
main structures appearing in the phase diagram. (b) Shape of
the melting line B, (T} for YBCO with parameters £ycs=~ 16 A,
Ay =~ 1400 A, and an anisotropy parameter £2=M /m =~1/25;
drawing is to scale. Note that the extent of the dilute vortex-
liquid phase along the field axis is only of the order of a few
gauss.

G. Blatter et al, 1994 Rev. Mod. Phys. 66 1125
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Figure 7. The vortex-matter phase diagram in untwinned
YBa,CusOy. The transition lines Ty (H). Ty(H). and H*(T)
terminate at the critical point and divide into three different phases
of the vortex liquid, the vortex glass, and the Bragg glass. The full

curve is a fit to the field-driven transition line By (7).

Terukazu Nishizaki and Norio Kobayashi
2000 Supercond. Sci. Technol. 13 1



Niobium Titanium Film
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Why YBCO tapes?
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Figure 6. A schematic field—frequency diagram. In the
pinning regime the vortex resistivity is primarily inductive
and is determined by pinning. In the flux-flow regime the

vortex resistivity is primarily resistive and is determined by

viscosity, irrespective of whether vortices are pinned or
unpinned. In the flux-creep (TAFF) regime the vortex

resistivity is primarily resistive, although it is much smaller
than in the flux-flow regime. The lines separating different

regimes of the vortex dissipation are determined by the
condition Im(p,) = Re(p,) and do not necessarily coincide
with phase transitions.
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Fig. 1. Schematic illustration of the architecture of AMSC’s insert and
o laminated wire architectures. A micrograph of an actual Amperium wire cross-
% section is shown in the bottom left.
M. W. Rupich et al, IEEE Trans. Appl. Supercond.
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o s we T, 236601205 (2013).
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Figure 13. Temperature dependence of the depinning

frequency.

M. Golosovsky, M. Tsindlekht, D. Dvidov, Supercond. Sci. Technol. 9 1 (1996).
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Epitaxial YBa,Cu;0, on Biaxially Textured Nickel
(001): An Approach to Superconducting Tapes
with High Critical Current Density

David P. Norton, Amit Goyal, John D. Budai, David K. Christen,
Donald M. Kroeger, Eliot D. Specht, Qing He, Bernd Saffian,
M. Paranthaman, Charles E. Klabunde, Dominic F. Lee,
Brian C. Sales, Fred A. List

In-plane-aligned, ¢ axis—oriented YBa,Cu;0, (YBCO) films with superconducting crit-
ical current densities J, as high as 700,000 amperes per square centimeter at 77 kelvin
have been grown on thermomechanically rolled-textured nickel (001) tapes by pulsed-
laser deposition. Epitaxial growth of oxide buffer layers directly on biaxially textured
nickel, formed by recrystallization of cold-rolled pure nickel, made possible the growth
of YBCO films 1.5 micrometers thick with superconducting properties that are compa-
rable to those observed for epitaxial films on single-crystal oxide substrates. This result
represents a viable approach for the production of long superconducting tapes for
high-current, high-field applications at 77 kelvin.

D. P. Norton et al, Science 274 755 (1996).



Cavity Design and Comsol Simulation

> Electric Field (red arrows, colored 3D plot) » Surface Current (blue arrows,
» Magnetic field (yellow arrows) colored surface plot)
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YBCO Tape Attachment

> Attach YBCO tape on the cavity inner surface with epoxy.
> Cut edges of the YBCO tapes exposed on the side.

» Remove protective layer.

» Sputter silver on the side of the tape.
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RF Measurement in Cryo-cooler
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> A temperature sensor had been attached at the bottom of the cavity.

> For the temperature measurement the temperature had been varied from 300 K
to 4.06 K.

» For the magnetic field measurement the temperature had been varied from 4.06
K to 4.15 K.
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Data Aquisition
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1 ~|local ti~|tstill [+] 150k || t4k [+] tmxe [+] tcavbd~| t_cavto[~ bandwi{~| resonal~| quality[~|S33 def~| S44 de[~|S33 cou~| S44 coi~| Q0 [-| B ~|mode 7]
2 | #EEREEE 180750 302,829 29306 211.198 0 296596 0 9526809 6.9E+09 7239.852 0623744 0173508 -0.07162 -0.01997 6576736 -0.00012 0
4 | #REREEEF 0 18:09:31 302795 293.062  211.198 0 296555 0 1219047 6.9E+09 5658.042 0628998 0.17415 -0.07229 -0.02005 5135596 -0.00013 0
6 | F#EFHFAEF 1811:.06 302798 293.066 211.198 0 296.846 0 1036968 6.9E+09 6651.455 0611802 0172107 -0.07032 -0.01981 6051.945 -0.00012 0
8 | FREHAEE 181243 302779 293.07 211.198 0 297.017 0 1028662 6.9E+09 6705203 0565514 0162354 -0.06502 -0.01869 6143.945 -0.00011 0
10 | FEEREAF 181419 302783 293.071  211.198 0 297213 0 1165977 69E+09 591551 0626911 0172877 -0.07205 -0.0199 5371571 -0.0001 0
12 | FEEREF 18:15:54 0 302806 293.075  211.198 0 296.808 0 1119172 69E+09 6162884 0622848 0172384 -0.07159 -0.01984 5599.417 -0.00011 0
14 | FRERERSF 1817:226 302762 293.077  211.198 0 296.652 0 1249841 69E+09 5518589 0628182 01736 -0.0722 -0.01998 5009.885 -0.00008 0
16 | FHEFFHF 18:18:53 302791 293.079 211.198 0 296.602 0 9433468 69E+09 7311.714 0607723 0171089 -0.06985 -0.0197 6656.968 -0.00011 0
18 | #REREFE 18:20:221 302832 293.082 211.198 0 29675 0 9818158 69E+09 7025175 0.62131 0172356 -0.07141 -0.01984 6384129 -0.00012 0
20 |FEEREHFF 182149 302819 293.089  211.198 0 296.74 0 1224632 69E+09 56327181 0623995 0.17392 -0.07172 -0.02002 5115499 -0.0001 0
22 | #HEHEHF 182325 302789 293.088 211.198 0 296236 0 5070955 6.9E+09 13601.77 0620027 0.17269 -0.07126 -0.01988 12362.09 -0.00011 0
24 | #HERERF 182501 302814 29309 211.198 0 296941 0 1071206 6.9E+09 6438924 0606752 0171824 -0.06974 -0.01978 5862505 -0.00012 0
26 |#HEAEHF 1826138 302802 293.095  211.198 0 297418 0 1068104 6.9E+09 6457.682 0632199 0174314 -0.07266 -0.02007 5858911 -0.00011 0
28 | FHEREHE 182812 302817 293.098  211.198 0 296.685 0 1194267 69E+09 577545 0605234 0169859 -0.06957 -0.01955 5260737 -0.00012 0
30 | FEEREE 18:29:51 302812 293102 211.198 0 296414 0 1065162 6.9E+09 6475488 0618665 0172794 -0.07111 -0.01989 5886.236 -0.00009 0 1]
32 | FEEREE 18:31:27 0 302777 293104 211.198 0 296616 0 9680523 6.9E+09 7125189 0621501 0170782 -0.07143 -0.01966 6476.152 -0.00011 0
34 | FRERFESF 18:33:03 302793 293106 211.193 0 296907 0 8959967 6.9E+09 7698.014 0600549 0.169349 -0.06903 -0.0195 7016.545 -0.00011 0
36 | FREREAF 18:3439 302784 293108 211.193 0 296542 0 1127416 69E+09 6117.867 0614278 0.170948 -0.0706 -0.01968 5565532 -0.00009 0
38 | #RERERE 18:36:10 30282 293113 211.198 0 296411 0 1073873 69E+09 6422981 0628528 0.174373 -0.07224 -0.02007 5830.084 -0.00012 0
40 |FHEHEFRE 183738 302794 293095 211.198 0 297138 0 1117098 6.9E+09 6174398 0640461 0174894 -0.0736 -0.02013 559564 -0.00011 0
42 |FHEREFRE 1839204 302775 292868 211.198 0 296.63 0 8874698 69E+09 7772001 0628266 0174542 -0.07221 -0.02009 7054.659 -0.00013 0
44 |FaEmEHE 184030 302797 292348 211.198 0 296.580 0 1066161 6.9E+09 6469.36 0608669 0171856 -0.06996 -0.01978 5888772 -0.00013 0
46 |#FaFHERE 184200 302793 291599  211.198 0 296931 0 1048122 6.9E+09 6580.792 0603539 0170011 -0.06937 -0.01957 5995469 -0.00011 0
48 |FHEEERE 184323 302839 291.009  211.198 0 296512 0 9725228 6.9E+09 7092196 0.149805 0041233 -0.01725 -0.00475 6936.222 -0.00012 0
50 | FEERESF 184451 302804 290.009  211.198 0 296922 0 1115095 6.9E+09 6185464 0591523 0.166541 -0.068 -0.01917 5646.29 -0.00014 0
S2 | FHEREHF 18:46:20 302787 288893 211.198 0 296527 0 1067197 6.9E+09 6463.139 0611817 0172434 -0.07032 -0.01985 5880349 -0.0001 0
54 | FRERERF 18:47:50 302752 287.677  211.198 0 296836 0 1204047 69E+09 572852 0600646 0169399 -0.06904 -0.0195 5221304 -0.00012 0
56 | FHERFHT 18:49:25 30269 286822 211.198 0 296994 0 8929069 69E+09 7724614 0616812 0170382 -0.07089 -0.01961 7025479 -0.00009 0
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Temperature Measurement Result
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» Normal-superconductor phase transition temperature: 90 K
» Anomalous resonance frequency drop at 90 K: Diverging penetration depth

» Q factor of YBCO at 4 K is 95,000.

> Q factor of oxygen-free h

igh thermal conductivity copper at 4 K is 56,500.



Temperature Measurement Result
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> Q factor droped until 0.23 T. (Q ~ 60,000)
> Q factor rose up to the maximum value of 155,000 at around 3.5 T.

> Vortex state transition from vortex liquid to vortex lattice.
» Other source of energy loss could be reduced at the high magnetic field.



Discussion

> The ratio between the known surface resistance of 4 K YBCO (0.02 mOhm) and
copper (5 mOhm) at 5-6 GHz is 250.

» The maximum Q factor can be increased with techniques of exposing bare YBCO
surface from a tape and eventually reducing the area where surface loss occurs
inside the cavity.



Conclusion

> High quality factor superconducting cavities are needed in various high energy
physics experiments.

» YBCO has many strength to realize it in GHz range. (Vortex pinning, Well-
textured film etc)

> We made



