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Axion Search with Tunable Resonant Cavity
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P. W. Graham et al, “Experimental Searches for the Axion and Axion-like Particles,” (2016).
B. M. Brubaker, “First Results from the HAYSTAC Axion Search,” (2018).
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Superconductivity in DC Magnetic Field

Three Phases of Type Il Superconductor
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D. C. Larbalastier et al, “High-T, superconducting materials
for electric power applications,” Nature (2001).
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Let’s evaluate well-studied YBCO film!
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Are YBa,Cu;0-_, Films Good for Axion Search?
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M. Golosovsky et al, “Vortex depinning frequency in YBCO
superconducting thin films,” Phys. Rev. B (1994).
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Impossibility of Biaxially Textured Cavity Surface

There is no method to implement biaxially textured film on the
curved geometry.

L. : . v' RABITs: YBCO, AMSC, 10mm width
> Biaxially textured = Grains are aligned v IBAD: ReBCO, Superpower
a, b crystal direction '
<Rolling-Assisted, Biaxially Textured Substrate (RABITS) Method>

<lon Beam-Assisted Deposition (IBAD) Method>

. ) Strips
Yttrium Stabilized Zirconia (YSZ) 75 nm g

Substrate

VEG0 Sissrcdiciss Metal Stabilizer
Cerium Oxide (Ce0;) 75 nm /

Solder
= =i : 4
Laminated Wire Target (e-beam,
sputtering target)
M. W. Rupich et al, “Second Generation Wire Development at AMSC,” IEEE (2013).
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CAPP’s Solution

> Attaching HTS tape on the cavity inner surface.

» Bulk HTS microwave cavity is not available.
v" Growing well-textured HTS film on 3D surface is not available.

» Many HTS tapes available in market.
v' RABIiTs: YBCO, AMSC, 10mm width
v' IBAD: ReBCO, Superpower

» How can we attach tape on the cavity inner surface?
v Planar object does not fit to the rounded surface. /
?

/?'

Top Side
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Prototype Cavity

1% prototype SC cavity for axion search

s 5 e il

> Attach YBCO tape on the cavity inner surface with epoxy.

» Cut edges exposed on the sides and polish the sides.

» Remove the silver protective layer.

> Sputter silver on the side of the tape. (Ni-9W may cause large loss)
2019-06-03 IBS CAPP / KAIST Physics Dpt.



The Advantages of the Polygon Cavity

P0|ygon Sha pe: Pla nar su rfa ce v" Polygon cavity have been invented.
. . . v/ COMSOL simulation confirms the cavity
Vertical Cut: Avoiding Contact Problem works fine with TV, mode.
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Measurement

---------------------
“‘

< 4K Plate

i I still Plate

= Mixing Plate

Magnet

<Data Acquisition> P -
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Resonant Frequency (f,)

....
-------------------------------------

» Weak coupling: Q, ~ Q,
» Temperature measurement: 300 - 4 K.
» Magnetic field measurement: 0 -8 T (4 K)

2019-06-03 IBS CAPP / KAIST Physics Dpt.

12



Cavity Characterization (1): Temperature

D. Ahn et al, “Maintaining high Q-factor of superconducting YBa2Cu307-x microwave

cavity in a high magnetic field,” arXiv1904.05111 (2019).
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» Transition temperature = 90 K

» Anomalous resonance frequency drop at 90 K

> Q factor of YBCO Cavity (4 K) = 95,000.
> Q factor of Copper Cavity (4 K) = 56,500.

M. Golosovsky et al, “Vortex depinning frequency in YBCO
superconducting thin films,” Phys. Rev. B (1994).

15
- 1
:
= at T,
< 05
fo 4
o 5.5 GHz, 57 K

0O 20 40 60 80 100
T(K)

FIG. 2. Temperature dependence of the penetration depth A
of a pair of laser-ablated YBa,Cu;0,_, films at f=5.4 GHz
calculated from Eq. (6). The solid line is the two-fluid depen-
dence A=Ag[1—(T/T.)*]"!'? with T,=89% K and A,=0.27
pkm. Inset shows temperature dependence of the surface resis-
tance R;.



Cavity Characterization (2): Magnetic Field
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. Ahn et al, “Maintaining high Q-factor of superconducting YBa2Cu307-x microwave cavity
in a high magnetic field,” arXiv1904.05111 (2019).
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Superconductivity in the DC Magnetic Field

Three Phases of Type Il Superconductor
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D. C. Larbalastier et al, “High-T, superconducting materials
for electric power applications,” Nature (2001).
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Vortex Vibration Makes Energy Loss

» In high magnetic field, vortices are the another source of the RF power

dissipation.

v' Type II superconductors have mixed state which contain Magnetic Vortices.

v Vortex vibration add another power loss which makes Q-factor degradation.

v" Vortex pinning is essential to prevent Q-factor reduction.

<The Structure of
Abrikosov Vortex>

Coherent Length of
Cooper Pair

|

Penetration Depth
of Cooper Pair

normal cor

e

If i (= A/§) is less than 1//2,
the vortex cannot be formed.

Teruo Matsushita, “Flux Pinning in Superconductors,” Springer (2019).
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Vortex Phase and Vortex Pinning

T. Nishizaki et al, “Vortex-matter phase diagram in YBa2Cu30y,” Supercond.

Sci. Tehnol. (2000).

The mean-field model does not work in the vortex liquid

£ {( J

(Experiments)
1. J. Owaliaei et al, “Field-Dependent Crossover in the Vortex Response at
Microwave Frequencies in YBa2Cu307-8 Films,” PRL (1992).

2.D. H. Wu et al, “Frequency and Field Variation of Vortex Dynamics in
YBazCu307-8,” PRL (1995).
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1. D. S. Fisher et al, “Thermal fluctuations, quenched disorder, phase
transitions, and transport in type-ll superconductors,” PRB (1991).
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Figure 7. The vortex-matter phase diagram in untwinned
YBa,CusO,. The transition lines T, (H). Tz(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).
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The Other Possible Source of Energy Loss

1% prototype SC cavity for axion search

oy -

P
R SER
i R

> Silver film was deposited on the cavity inner surface.
» The nickel-tungsten alloy was exposed.
> We can improve the maximum quality factor in future

2019-06-03 IBS CAPP / KAIST Physics Dpt.
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Summary

> In the axion search, making a high Q cavity in high magnetic fields is important
technical issue.

» High-temperature superconductors are promising material for high Q cavities in
high magnetic field.

> Yttrium Barium Copper Oxides (YBCO) satisfies the conditions which we need.

> To implement 3 dimensional structure of the YBCO, we designed the polygon
cavity, and attached the tapes on the inner surface.

» The Q factor of YBCO cavity was characterized as 3 times higher than the
copper cavity at a high magnetic field.

» Furthermore we are going to enhance the maximum Q factor of the cavity, and
uncover the mechanism of anomalous Q factor behavior at a high field. (>0.23 T)
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Niobium Titanium Film
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Superconducting Radio-Frequency Cavity

Supercond. Sci. Technol. 30 (2017) 053003 (23pp) htips://doi.org/10.1088/1361-6668 /aab376
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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.

Figure 1. Superconducting cavities spanning the full range of [ [9].
Reproduced with permission from [12]. Copyright © 2013, CCC
Republication.
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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 szln(QL' QA)
the slots (c) allow any desorbed gases to escape and to be o

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

magnet. SyS

S. Calatroni et al, Supercond. Sci. Technol. 30 075002 (2017).
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