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Introduction:

Cavity Haloscope Experiment for Dark Matter Axion Search
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Introduction:

High Quality Factor Cavity is Needed for Faster Axion Search

Coupling Constant  Dark Matter Axion Density
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Introduction:

High Quality Factor Should be Maintained in a High Magnetic Field

Coupling Constant  Dark Matter Axion Density
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Material Evaluation Criteria

Two Preferred Conditions for Cavity Haloscopes

High-Tempetatue Ssuparcemndtiotor

— L p in a magnetic field

BiaxiallyTextured Film

Minimizing Surface Defect
& MagneticField Degradation
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Vortex Dynamics & Energy Dissipation Mechanism

U Type Il superconductor forms vortices (quantized magnetic flux, ) in a magnetic field.
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Vortex Dynamics & Energy Dissipation Mechanism

U Type Il superconductor forms vortices (quantized magnetic flux, ) in a magnetic field.

U Vortices respond to the incident electromagnetic wave.
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Vortex Dynamics & Energy Dissipation Mechanism

U Type Il superconductor forms vortices (quantized magnetic flux, ) in a magnetic field.
U Vortices respond to the incident electromagnetic wave.

U Every vortex is trapped in each pinning potential well.
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Vortex Dynamics & Energy Dissipation Mechanism

U Type Il superconductor forms vortices (quantized magnetic flux, ) in a magnetic field.
U Vortices respond to the incident electromagnetic wave.
U Every vortex is trapped in each pinning potential well.

i  Above a depinning frequency, pinning force become negligible. Higih Depinningg
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Vortex Dynamics & Energy Dissipation Mechanism

U Type Il superconductor forms vortices (quantized magnetic flux, ) in a magnetic field.
U Vortices respond to the incident electromagnetic wave.
U Every vortex is trapped in each pinning potential well.

i Above a melting field, vortices are mixed each other. Higih Meltingg Field (5/3,)
~ Higih Criticall Field (ﬁ%_,)
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Vortex Dynamics & Energy Dissipation Mechanism

U Type Il superconductor forms vortices (quantized magnetic flux, ) in a magnetic field.
U Vortices respond to the incident electromagnetic wave.
U Every vortex is trapped in each pinning potential well.

U Inthe pinning regime, the surface resistance is much smaller than that of copper.
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Type Il Superconductor

In a Magnetic Field

Considering Cavity Haloscope Experimental Condition

R(B=0T) \ . : Depinning
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OFHC Cu (Metal)

~7E3 ~7E3 None None

Small
NbTIi(LTS) ~ 1E6 ~4e3 ~13 T ~ 45 GHz
Gattiet al PRD(2019)
Small
: AIN SlnS SI‘_T'I;J? ~ 1E6 ? ~25T ~ 6 GHz
#m@rﬁaé% i gmgpmjmﬂwj—-g)fd‘fJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ'J'-F-F-F-F-F-H'J'J'JJJJJJJJJJJJJJJJJJ """""""""""""""
> 100 TQab)
BI-2212 (HTS) -~ 1E5 f) Larbalestielgl. ) E ?
Br2223 (HTS) Nature(2001) :
= N
TH1223 (HTS) ~ 1E5 ~le4d igﬂslgﬁb) 12¢ 480 MHz
Calatroniet al. SUST(2017) Nature(2001) Calatroniet al. SUST(2017)
ismr@mgqmnniag
ReBCQHTS) ~ 1E5 ~ le4 > 100 TQab) 10¢ 100 GHz
enoet al. Romanoet al Larbalestieret al. x Romano\et al.

Re =YGA 9 dzx

B(2001) Scientific Reports(2020) Nature(2001) Scientific Reports(2020)

RENEUI(T-RES = -
KAIST WVIETNAM Gy icige jis 1z

Recontres du Vietnam 2024: Axion Quest

12




Material Evaluation Criteria

Two Preferred Conditions for Cavity Haloscopes

High-Temperature Superconductor

— L p in a magnetic field

Biaxially-Texdured FRibm

Minimizing Surface Defect
& MagneticField Degradation
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Second Generation ReBCO Coated Conductors

Biaxially -Textured ReBCO Coated Conductor Architecture

U Larger energy dissipation is originated due to flowing current at high angle grain boundaries.

strong link
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Second Generation ReBCO Coated Conductors

Biaxially -Textured ReBCO Coated Conductor Architecture

U Larger energy dissipation is originated due to flowing current at high angle grain boundaries.
U Secondgeneration ReBCOcoated conductor technology realizes low angle grain boundaries

which have misorientation angles less than 4 degree. (biaxially-textured)
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Second Generation ReBCO Coated Conductors

Biaxially -Textured ReBCO Coated Conductor Architecture

U Larger energy dissipation is originated due to flowing current at high angle grain boundaries.
U Secondgeneration ReBCOcoated conductor technology realizes low angle grain boundaries
which have misorientation angles less than 4 degree. (biaxially-textured)

U 2 dimensional high-quality ReBCOcoated conductor is flexible to manipulate.
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Second Generation ReBCO Coated Conductors

Biaxially -Textured ReBCO Coated Conductors Shows Low Surface Resistance

CavityHaloscope’ U (p¢ p ) GHz,Y ODpmtmKo O(pnT

YCHRY ) Y (CRY g Y (CHY hD Y  (CHY m) Y CRY 1)
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Second Generation ReBCO Coated Conductors

Biaxially -Textured ReBCO Coated Conductors Shows Low Surface Resistance
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Second Generation ReBCO Coated Conductors

Biaxially -Textured ReBCO Coated Conductors Shows Low Surface Resistance
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Second Generation ReBCO Coated Conductors

Biaxially -Textured ReBCO Coated Conductors Shows Low Surface Resistance
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Second Generation ReBCO Coated Conductors

Biaxially -Textured ReBCO Coated Conductors Shows Low Surface Resistance
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Second Generation ReBCO Coated Conductors

Thin Film Does Not Degrade External Tesla -Scale Magnetic Field

U  Thin film geometry does not affect to magnetic fields in the cavity volume.
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Second Generation ReBCO Coated Conductors

Thin Film Does Not Degrade External Tesla -Scale Magnetic Field

U  Thin film geometry does not affect to magnetic fields in the cavity volume.
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Second Generation ReBCO Coated Conductors

Thin Film Does Not Degrade External Tesla -Scale Magnetic Field

U  Thin film geometry does not affect to magnetic fields in the cavity volume.
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Second Generation ReBCO Coated Conductors

Thin Film Does Not Degrade External Tesla -Scale Magnetic Field

U  Thin film geometry does not affect to magnetic fields in the cavity volume.
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Second Generation ReBCO Coated Conductors

Thin Film Does Not Degrade External Tesla -Scale Magnetic Field

U  Thin film geometry does not affect to magnetic fields_in the cavity volume.
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High -temperature Superconducting Cavities at CAPP

Development Methods

Strategy 2

Pros: Clean Surface Pros: Easy to Fabricate, Electrically Connected
Cons: Slow Fabrication, Electrically Disconnected Cons: Surface Defect (~ 10%)
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High -temperature Superconducting Cavities at CAPP

Strategy 1

U Simulation study can estimate energy loss from gaps.

U Misalignments and defects are considered based on fabrication error.

(i Only evanescent field enter into a gap. Q
q, ext > 10
Ahnet al. PRApplied(2022), 17, L061005
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High -temperature Superconducting Cavities at CAPP

Strategy 1

2.50E+07
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High -temperature Superconducting Cavities at CAPP

History of Development

QOT) Q (8 T Experiment

1 YBCO 6.9 12 0.22 M 0.33 M Prototype

2 GdBCO 2.3 32 0.60 M 0.50 M CavityHaloscope

3 EuBCO+APC 2.3 34 5.0M 3.5M >10 M Axion Quark Nugget Search
4 EuBCO+APC 5.4 14 20M 13 M CavityHaloscope

5 EuBCOAAPC 1.2~115 ? ? ? Axion Haloscopg CARFMAX)
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High -temperature Superconducting Cavities at CAPP

Superconducting Cavity for CAPP  -MAX

u CAPPO6s fl agship experiment tn <coarch fo-
| K ytdlkaon Mon 13:30 ?

U Dine-FischlerSrednickiZhitnitsky (DFSZ) sensitivity Lo y200a Gl 1

Dilution refrigerator 25mK Josephson Parametric Amplifier 12 Tesla SC magnet —

Y  200mK 320mm bore diameter B-field map
KalsT R..Fv".‘iim“ Lo icige ivsrmmme Recontres du Vietham 2024: Axion Quest 31




High -temperature Superconducting Cavities at CAPP

Superconducting Cavity for CAPP  -MAX

arxiv:2402.12892 Submitted to PRX, Accepted . [GHZ]
- ] | I 015 1 2 3 4 5 6 7 6
I -l!' Global Cluster [ CAST BN CAPP TASEH
10-9- I Neutron Stars B ADMX B CAST-CAPP I GrAHal
0 RBF & UF s HAYSTAC CAPP18T

my [peV]
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High -temperature Superconducting Cavities at CAPP

Superconducting Cavity for CAPP  -MAX

arxiv:2402.12892 Submitted to PRX, Accepted . [GHZ]
- ] | I 015 1 2 3 4 5 6 7 6
I -l!' Global Cluster [ CAST BN CAPP TASEH
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High -temperature Superconducting Cavities at CAPP

Superconducting Cavity for CAPP  -MAX

arXiv:2402. 12892 Submitted to PRX, Accepted . [GHZ]
e 1 2 . ¢ 5 @ 7 £
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High -temperature Superconducting Cavities at CAPP

Superconducting Cavity for CAPP  -MAX

arXiv:2402.12892 Submitted to PRX, Accepted
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High -temperature Superconducting Cavities at CAPP

Strategy 2

0.2 mm gap

Tuning Rod
I~ U Sensitive to Contact Problem

U Gaps should be closed electrically to preventa radiation
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Cavity w/o surface loss
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High -temperature Superconducting Cavities at CAPP

Development Methods

Strategy 1

Pros: Clean Surface Pros: Easyito Fabricate, Electrically Comnected
Cons: Slow Fabrication, Electrically Disconnected Cons: Surface Defect (~ 10%)
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High -temperature Superconducting Cavities at CAPP
Strategy 2
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High -temperature Superconducting Cavities at CAPP

Strategy 2

Gear box

U - b 1 ()
Tuning Rod oo pm
: 2.0E+09 350
Cavity Body : 7
\ o Y oanm 300
N OLSEH9 R oo Y p Tt am T 250
= °© %0000 0 o0 =
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High -temperature Superconducting Cavities at CAPP
Strategy 2

Cavnm Resonant Frequency (Hz) and Quality Factor

1.1640 Bil U l-lJ h-[ TT TH

1.1630 Bil

1.1620 Bl

1.1610 Bil

1.1600 Bil

1.1590 Bil 0
7/520:00 7/6 00:00 7/6 04:00 7/6 08:00 7/6 12:00 7/6 16:00 7/6 20:00 7/7 00:00 7/7 0400

== Resonant frequency == Unloaded quality Factor == | oaded quality Factor
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High -temperature Superconducting Cavities at CAPP

Superconducting Cavity for CAPP  -MAX
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