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1 — Coated Conductors in a nutshell



Coated Conductors are commercially available
with different widths in Km length

Ag~2 um
, REBCOHTS~1—-3 um

Cu~20 um
Buffers ~0.2 -1 um

Metallic Substrate ~ 30 — 100 um

Coated Conductor

T.=91K
H_,(4.2K)>100 T
H. (4.2K)>60 T
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CCs offer excellent opportunities for high-energy physics

CCs as low-impedance coating for the FCC-hh beam-screen chamber

Cold mass 1.9 K

SC Dipole magnets

FCC working conditions:
16 T,40 - 60 K, 1 GHz & 25 A peak




CCs offer excellent opportunities for high-energy physics

CCs as low-impedance coating for the FCC-hh beam-screen chamber

Cold mass 1.9 K

SC Dipole magnets

FCC working conditions:
16 T,40 - 60 K, 1 GHz & 25 A peak

CCs as low-impedance coating for cold DM axions

Opportunities for the BASE detector in the kHz — MHz range Higher than Cu Q-value RADES halsocopes @ GHz
= Z(v) P a B,2QVG
V, < Q||B €
a Q” 6’” Z(UO)

High Q 2T =4.2K
&
High B,




Z characterization is done with a 8 GHz cavity Hakki-Coleman resonator

Operating in the TEy,; mode
Compatible with ICMAB cryostats:

50mm @ bore 16 T magnet
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2 — CCs vs Cu: R (H) in the GHz range



R, of state-of-the-art CCs outperforms FCC Cu in the GHz range

CCs as low-impedance coating for the FCC-hh beam-screen chamber

Cold mass 1.9 K

SC Dipole magnets

T=50K, v=8GHz

8
6
FCC working conditions: 16 T, 40 — 60 K, 1 GHz & 25 A peak a
E Ll
~
*  Outperform Cu R, under FCC working conditions nd REBCO

Segmented REBCO-Cu hybrid coating

2k \ |
T. Puig et al, Supercond. Sci. Technol. 32 (2019)
3 6



REBCO CCs support high-currents at high-magnetic fields

CCs as low-impedance coating for the FCC-hh beam-screen chamber

Cold:mass 1.9 K

SC Dipole magnets y | : 1000¢F T = 50K

>~ < 100¢

= -
S
] e ® ;

FCC working conditions: 16 T, 40 — 60 K, 1 GHz & 25 A peak ' 10
*  Withstanding induced image currents . FCC-hh Image currents peak threshold
Segmented REBCO-Cu hybrid coating 1 , | , | , 1 ,
0 4 8 12 16

Applied Magnetic Field (T)
T. Puig et al, Supercond. Sci. Technol. 32 (2019)

REBCO is a HTS and a high-field superconductor



A segmented REBCO-Cu hybrid coating doesn’t disturb H and keeps good R,

Normalized Field Error

CCs as low-impedance coating for the FCC-hh beam-screen chamber

Cold mass 1.9 K

o ext

SC Dipole magnets

AB/B_|@1T

240 pum stripes

FCC working conditions: 16 T, 40 — 60 K, 1 GHz & 25 A peak _ 250 Hnt tenches

*  Preventing magnetic field disturbance = Segmented REBCO-Cu hybrid coating

) [
50 % REBCO ...—..'.“ 165 um stripes
“”“. ¢ o-O 55 pum trenches
....... oo 1

Rs inm$2
IS »
(1]
™
]
I

G. Telles et al, to be submitted

(G. Telles @ EUCAS 2021, Field Quality and Surface resistance studies for the FCC beam screen. Materials IX, ID: 441) 1130 pm stripes |

16 um trenches i
L >




The improvement in R, is higher at lower temperatures

R,(MQ)

T=50K, v=8GH:z

FCC Cu

REBCO

oH (T)

T=10K, v=8GHz

FCC Cu

I REBCO

0 3 6 9

oH (T)

DM Axion detection cavities operate at 4.2K, further benefiting from REBCO
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3 — How we coat surfaces with CC



Two-step delamination technique for large surface coatings with CCs

R 2

Attach
Welding of CC on top of a surface

Coated Conductor

Stainless steel or Hastelloy Substrate

Delamination
Mechanical peeling

Bottom Bottom
surface surface

Pb50$n3gcuz REBCO TOp PbeoS”;gCUz REBCO Top

|

e Y " suface layer surface
Cu Cu

FCC beamscreen

FCC beamscreen

A. Romanov & G. TEIIES, to be submitted Technology is easily Scalable



Proof-of-concept:

Curvature
RO mm

With some R&D efforts we made it work on curved surfaces

CC coated Axion cavity Cu only
Q(OT, 4.2K) ~ 80k
Q(11T, 4.2K) ~ 60k VS Q(11T, 4.2K) ~ 40k



Proof-of-concept:

T=10K, v=8GHz

8
= FCC Cu
- S Focow
W' T RADES haloscope Cu<>
ﬂll Curvature %
= 13 R9 mm = 4T
& \ x RADES haloscope CC *
5"~ 9 2 n
‘%‘ 8 '
N\ oo
CC coated Axion cavity Cu only 0 : : ' ; ' '
0 3 6 9
Q(OT, 4.2K) ~ 80k

Q(11T, 4.2K)~60k  vs  Q(11T, 4.2K) ~40k koH (T)



Proof-of-concept:
Now we can coat R9 mm curvatures with nominal R, values

2
PaB.SQVG T=10K, v=8GHz
8
FCC Cu
6 T S _— o~
RADES haloscope Cu
Curvature %
R9 mm = 4r
x RADES haloscope CC
2 |
REBCO vs REBCO after R9 mm bent
CC coated Axion cavity Cu only 00 : é : é : é
Q(OT, 4.2K) ~ 80k H (T)
Q(11T, 4.2K)~60k  vs  Q(11T, 4.2K) ~40k Ho

We have learnt a big deal: In a near future we will be able to coat < R9 mm
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4 — Potential gain and ¢pitfalls? of CCs below the GHz range



BASE opportunity: Enhanced Q and operating at higher magnetic fields

BASE detector (exploded)

Resonant
NbTi coil

Opportunities
Coat the cavity with CCs = Increase Q
Make a resonant REBCO coil > Work at 100 MHz & high-Q (low-rf loss) in fieldsupto 10 T



At high magnetic fields, vortices dominate Z,

The G-R model shows excellent agreement with experiments

The Gittleman-Rosenblum model 10 . V= 8 GHz
x 20K N
The vortex resistivity is : © 30K solid lines = GR model
Bd, 1 8 I 40K ¥al _
Pv = n 4 , Wy Fitting parameter 0 50K
— i * 60K A
. A 70K I
0B S 0T |
. _ 0Bc2
Withn = 1.45 . E alan A
n:m SIS Gonbl A | =
q 4 - A : 7
. . Py “ a—F
Z; =iwpy [AF — i & : 2
l/l'ow 2 - " o - N
ﬁaﬂ 3 - o ——o———
7y ik ) p— % T
,“‘ ________.-—..-—-'_"-_-#
0 .‘.’:;-3-'-* = I I I |
0 2 4 6 8 10
poH (T)

We can reconstruct Z, and make predictions
A. Romanov, et al. Scientific reports 10 (2020)



CC’s R, greatly outperforms that of Cu in the MHz range and below

R, (MQ)

0.1

0.001

1E-4

R, REBCO estimation with G-L model

FCC Cu

RRR100 Cu

RRR1000 Cu

T=4.2K, v=100 MHz

factor 1250 — 3000

REBCO

8 12 16

But...

Cu

—
<
5

—_
<
l00

REBCO

Surface resistance [Ohm]
)

000 Ho* 05 A0 0T 0P Ho®
Frequency [Hz]

Calatroni and Vaglio, IEEE Transactions on Applied Superconductivity, 27 (2017)

The lower we go in frequency, the bigger the R_ gain will be:



We need to take into account the effective surface impedance
of a multilayer system

Bottom
surface -

PbgoSn35Cu,

/ surface - Stack

Cu
L

7 Zmetais T 1Zgrgpcotan(krepcotresco)
REBCO ,
ZreBco 1 Zmetaistan(Krepcotresco)

ZStack —

1

kKrepco = 75—
A(w) ——> RF field penetration depth

A. Romanov, et al. Scientific reports 10 (2020)

If Kepacotrepco >> 1 ) Ze.. = Zeesco

Can we fulfil this condition < GHz range?



It will be advisable to characterize CCs in the MHz range

If Keeacolrepco >> 1  mmm) Z..o = Zeeaco

In the MHz

; = kREBCO = Ho® for w K Wo-
Aw) ZreBco (W)

REBCO @4.2K

v, = 40 — 60 GHz

Krescotresco = 3 = 15

A. Romanov, et al. Scientific reports 10 (2020)

—

our experience in the GHz range 3 — 15 is enough as not to see Z_, ...



Conclusions

CCs are very appealing materials for high-frequency & high-field applications
due to their low R, high “H_,” and high currents under magnetic field.

REBCO CCs coatings provide a solution for the FCC-hh beam-screen chamber.

We have demonstrated that cavities coated with REBCO have a higher Q-value
in the GHz range under magnetic fields up to 11T. Potentially obtaining a
factor >5 gain in Q factor as compared to Cu.

In the MHz range (and below) REBCO CC can provide a factor >1000
improvement in R (H) as compared to Cu. An in-depth study of REBCO’s
microwave response in this range is needed.



A word on Copper’s R,

10k

—= RRR10
—=a— RRR20
—=— RRR50
—=— RRR100
—a— RRR200
—=— RRR500
—=— RRR1000
—-—I RRR2000

p (NQ-m)

0.1k

0.01¢:

10 100
Temperature (K)

https://www.copper.org/resources/properties/cryogenic/

S = 2p i v=38GHz

—=— RRR10
—a— RRR20
—=— RRR50
—=— RRR100
—=a— RRR200
—=— RRR500
—=— RRR1000
—l—I RRR2000

llO - llOO
Temperature (K)



A word on Copper’s R,

10}

p (NQ-m)

0.1

0.01

—= RRR10
—a— RRR20
—=— RRR50
—=— RRR100
—a— RRR200
—=— RRR500
—=— RRR1000

—a— RRR2000
PR M| L L

10

100

Temperature (K)

Going beyond RRR ~ 100 for Cu coatings is hard

Re (MQ) l

10 ¢

10

—= RRR10
—a— RRR20
—=— RRR50
—=— RRR100
—a— RRR200
—= RRR500
—=— RRR1000

—. RRR2000

100

Temperature (K)




A word on Copper’s R,

2
10 | 5= |£
: wu
10 ¢
= 4 > e oo
G : = % FCC copper
= ~ = RRRI10 % ~ = RRRI10
Q —a— RRR20 Naws —a— RRR20
0.1 —=— RRR50 e —=— RRR50
— = RRR100 — = RRR100
—=— RRR200 1 —=— RRR200
~ = RRR500 ~ = RRR500
001 —=— RRR1000 —=— RRR1000
—=— RRR2000 ~ —=—RRR2000
10 100 10 100
Temperature (K) Temperature (K)

For accelerator components RRR ~ 100 Cu coatings should be achievable



A word on Copper’s R,

T=10K, v=8GHz

FCC Cu
e " ST A e

_ RRR100
n [ | [ | [ | [ | [ | [ | [ | ] ||
B RRR200

| | | | | | | | | | | | | | | |

RRR1000
) n

uoH (T)

Re (MQ)

10 ¢

CC copper
% FCC copper
—= - RRR10
—a— RRR20
—=— RRR50
—=— RRR100
—a— RRR200
—=— RRR500
—=— RRR1000
— RRR2000

10 - I100
Temperature (K)

R, of state-of-the-art CCs outperforms even OFH Cu in the GHz range



The Gittleman-Rosenblum model
describes the microwave response of the mixed state

The Gittleman-Rosenblum model in a nutshell

Flux tube lattice

Not considering thermal contributions
* Assuming ﬁv_v > ﬁpmning

The vortex resistivity is :

Equation of motion for fluxons: p =% 1 N
v noq_ . Wy Fitting parameter

mx +nx+kx = JP Yo

ool

With n = 1.45 2082

Pn

Zsziwuo\//lf—i Py

HoW




