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R Dark Matter Axions hypothesis  WICMAB?::
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* Originated from the early universe _ 10-5 '
—'-> _ Laboratory |
* Form part of the galactic dark matter halo & 10
=T 1078
« Expected to interact very weakly with ordinary — 10-9
matter and radiation E
10~1Y -
* Predicted as abundant, long life, low energy within 10-1 E
spread for orders of magnitude (meV-ueV) ¢
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* Could be detected in Haloscope resonant cavities (-3
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Dark Matter Axion Detection YWICMAB i

Axion haloscopes in MW
Resonant [ [ S+ Detector / Coupling constant . . \
cavity . Photon frequency / Axion density
;\i/l:lgnetic . ; (x axion mass) Power 2 pa/ Axion mass
» Photon = _ P o g Q B /
: : signal * S ay 2
Axion ™~———JEEEE = X / \
B Cavity
ua " _ : :
Frequency Quality Magnetic Cavity

\\ phéton \ factor field volume /
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We want cavities of high Q at high magnetic fields B: TQ— iRS
High Temperature Superconductors (HTS) can be ideal materials
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Current A
density J Superconducting Normal state

critical surface

Mixed state
Nanoengineer

Artificial Pinning
Magnetic Centres (APC)
field H

vortices

Temperature T H.

Vortices under Microwave radiation

creep
(thermal)

é‘\ (

flux-flow
dissipative)

pinning
(reactive)

Ry(Hyw, B, T) = Rgcs(Hyw, 0,T) + Ryes(Hyf,0,0) + Ry (Hypw, B, T)

Rpcs = Deduced from BCS formalism
R,.s = Contribution from impurities and defects

R, = Losses induced by vortices

Surface
Resistance

Vuw < Vdepining — APC modulate dissipation
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Superconducting operational limits: HTS YICMAB
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Nanocomposites:
Very efficient APC
+ NMR
+ MRI « Generators » Cables
+« HEP Fusion « Motors » FCL ) :
40 = - ———n S. Kang, Science 311 (2006) &
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T. Puig et al, Nat Rev Phys (2024) L. Soler, T. Puig et al, Nat Comm (2020)
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HTS Coated Conductors %!CMAB?:="

T.=92K,H_, (4.2K)>100T, H,, (4.2K)>60 T
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Irr

1.(20T,4.2K)= 1000-1600 A/cm-w
in km length

Y 4 T 29 SUNAM
F “Tsunagu” Technology
e ‘ FFujikura $ r4l 5
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Buffers @

e

strate
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HEP: HTS Magnets > 20 T (4.2 K- 20 K)
FCC-hh, muon collider, test magnets ...

Feather M2 HTS dipole accelerator magnet

L. Rossi et al, Instruments (2021)

! R (B) at MW

HEP: HTS coatings for T Q cavities
Beam screen FCC-hh, RADES, linear collider,
muon collider, ...

~ RADES cavity

J. Golm et al, IEEE TAS
(2022)
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. EXCELENCIA

FCC ) ) HTS Coated Conductors response to MW: Surface resistance WWICMAB i
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MW Range 1-10 GHz very much unexplored

- 3 : 8 GHz dielectric resonator (\® A/L*;A
o _' FCC-study - * Operating in the TE;;; mode S
sl pg O _ A s ° @
3 > - 8
10K - 8 GHz
FCC Cu
6| T $
20 —— Bruker 8 GHZ W/O APC a
— = SuNAM £ 4l 8
15 —®&— SuperPower \;’
= %
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) W/ APC i
« 2 REBCO
S+ A /\/ v
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0 = 80 0 : ] . ] . ] . ]
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uoH (T)
poHin T 10 20 Tin K HTS is a very good replacement of Cu in MW cavities
R, > Taq)

vdepining (4-. 2 — 77K ) ~20 — 40 GHz T Puig et al, Supercond. Sci. Tech. (2019), A. Romanov, et al. Scientific Reports (2020)
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(F=2)) Technology developements MICMAB Y
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Parallel plate resonators Dielectric resonators 16 T system with 50 mm useful bore
Under synchrotron radiation adapted to MW measurements

Under B for both 9 Tand 16 T system

Plan de
Recuperacién,
Transformacién
y Resiliencia
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' YICMAB® s
HTS coating of the beam screen of FCC-hh study CS[C

i i ((Fccj )
Scalable HTS coating technique based on FCC Af‘;A

CC soldering and substrate delamination @

HTS top surface

% IES =0
£ s
() 2 Metallic
‘é‘ substrate
) HTS bottom
0 surface
7 A
()
% 1 Stainless steel or Hastelloy Substrate
8 sBl:):ft:cr:
- PbgoSnagCu, REBCO
= I T v
2 y=1GHz Fujikura / cu
O 3 1
0 3 6 9 12 15 18 Surface to coat
Full study on: Magnetic Field (T) sottom
. . surface
Field q.uallty S o
Beam impedance 'aVEf/ surface

Synchrotron radiation effects
Photodesorption

SEY
Incorported in FCC-hh Conceptual Design Report T. Puig —AstroHEP-2024 9 /14
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Pre-tinning

Substrate
extraction

T N\S R FAST

NATIONAL ACCELERATOR LABORATORY

high MW power (1.6 kW)
11.5 GHz

x 100 improvement
compared to Cuat 4.2 K
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R | HTS coating of RADES cavity for Dark Matter Axions search ”'CMAB@’
. “CSIC

9GHz - m, ~ 36 peV

V=0.03 L
10° 4—— A —
] 27 REBCO cavity
L Q, ~ 2.4x10° 4.2 K
o 108 X6 18fREBCO cavitwyh g
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magnetic field B (T)

Continue adaptation to curved surfaces
Critical bending radius for CC

: Choice of CC w/APC

Design of a cavity for HTS coating D. Ahn et al, Phys Rev Appl 17 (2022)

Q, ~ 3.3x10° @ 8T, 4.2 K (6.9 GHz) -8 x Q_,
Q, ~ 1.3x107 @ 8 T, 150 mK (5.4 GHz) -200 x Q_,

= A H Erode . Golm et al, IEEE TAS 32 (2022) 1. Puig -AstroHEP-2024 11 /14
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Measurements at SM18 at CERN

a 11 T magnet

RADES results on Axion search with HTS coating in W ICMAB ? 5~
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Frequency [MHz]
103 10%
. -9
11.7 T dipole magnet 10
8.84 GHz £ 573 kHz — _ clusters.
27h o : INEINEE I
= Pulsars |5 2 3
U 412 & g | o
10 2 :
O E o
: : — . 2| NERE
Essential aspects: ] i Bl
. - 10 3 24 3
Quality factor & - i [
' S ] SR R
Coupling 501074 g T
. o . = TSL 2% 1012
Amplification 10-15] ==
Temperature Stability ; 36.5825 36.5830 5;)61:8[3:95;6/]5840 36.5845
. I 1 1 1 I I L | 1 1 1 I 1 1 L | 1
Analysis procedure 106 1075 104

my [eV]

Axion-photon coupling outperforms CAST limit x 100 and previous RADES results x 3
An Axion-photon coupling strength limit, g, > 1.27 x10** GeV* is set
No excess in the signal hinting to an Axion-like particle was found at
36.5824 peV <m, <36.5848 peV
Next experiments schedule for Sept. 24 with new HTS cavities

S. Ahyoune et al, submitted to JHEP T. Puig —AstroHEP-2024 12 /14
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Minimum detectable power vs. Temperature

7 Quatum limit of LA

A
. Single-photon detector (571))
VShot noise vs Linear Amplifier (LA)
10-2 S0 1wt 100 10
T(K)

* Single-photon detectors

e Ultra-cryogenics

* HTS coating

e Magnonics for tuning

Machine learning for quantum sensing
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RAD.ES

DR

CONCLUSIONS

The search for Dark Matter Axions is a challenging study but
halloscope cavities operating at high magnetic fields can help

HTS enhances the sensitivity (Q factor) of resonant cavities at
high magnetic fields

A robust coating technology adapted to complex surface is being
developed

Cooperation between HEP and HTS may lead to new leaps in
technology
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MW

i WYICMAB s
H Vortex mixed state WICMABY
A Typell Normal state CS[C

Irreversibility
Line

Mixec? ’s\

o condensate

® quasiparticle Vortices are pinn@d

L in defects / /
FL =]c XB = Fp Nanoengineering \'/\/

Artificial Pinning Centres

(APC)

T . . e .o
Vortices under Microwave radiation

creep

(thermal)
4\ flux-flow
(dissipative) Rs (HMW; B; T) — RBCS(HMWr O: T) + Rres (Hrfr 010) + Rvm(HMWr B' T)
Surface Rpcs = Deduced from BCS formalism
Resistance R;¢s = Contribution from impurities and defects

R, = Losses induced by vortices

pinning Vuw < Vdepining —> APC modulate dissipation

(reactive) Vuw > Vdepining —> APC cannot mitigate dissipation
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APC in HTS CC: Thick epitaxial Nanocomposites

Self-assembled nanorods induced by the strain
Epitaxial YBCO films even up to 3-4 pum thick

Swed . (

- |
- L
-

— v
- ~ —
I
J-

J. McManus-Driscoll, Nat. Mat. 3, 439(2004)
Y. Yamada, APL 87(2005)

S. Kang, Science 311 (2006)

YICMAB® s
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Superconducting materials operational limits ~ /ICMAB7i

« NMR
« MRI = Generators
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« FCL

40 -

Irreversibility
| Lines

]
[
1

Magnetic field (T)
B
|

HTS -

LTS A

= ar

=== REBCO
NdFefsOF

= BSCCO 2223

= | MgB;

e MBS

&0

Temperature (K)

T. Puig et al, Nature Reviews Physics (2024)

T.=92K,H,, (4.2K) >100T, H.
1(0T,77K)= 350-750 A/cm-w, | (20T,4.2K)= 1000-1600 A/cm-w
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(Pe/Pap =10%-10%) .. .00 :s ducti
. A ¢ uperconducting
Single crystal type growth « .)-'. o0, CuO, planes
20 years R&D 3 ’
$ Q\
\\.\ :
-
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Scalable HTS coating technique based on VICMAB
HTS top surface

CC soldering and substrate delamination @ CSIC

ALB A

IEM =
(AW =

T=50K, v = 8 GHz, H _L coated surface

Metallic substrate

SZ_A

HTS bottom
surface

Stainless steel or Hastelloy Substrate

Buffer layers

T T T T r T T
Bottom 1H’¥,/*\*/_*_¢P/W
surface 8
PbgoSnasCu, REBCO Top
I
ayer A surface
Cu

g . cc2 ;" .
6 APC]
—=— Top surface .
Surface to coat A" ]

G
Y,
£ Bottom surface j
£
N
Bottom 14
surface
PbggSn3sCu; REBCO Top
ver surface
Cu

Surface to coat

Properties retained

G. Telles et al, Supercond. Sci. Technol 36 (2023)
N. Lamas, et al. (to be submitted)

pH in T
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