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Superconducting Magnets

Mixed State, Vortex

Nb;Sn ITER cable
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REBCO cable prototype, CERN
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SRF Cavities

O Complete Fux Expulsion
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Magnetization /M
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RF interact only with 100s
H,, H, of nm on the surface
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Different regime means different materials

Good SC for magnet application are bad for cavities!

Magnets - DC Cavities - RF

- High current densities with O resistance - very high field with minimal dissipation
- Mixed State (10-20 NQ2 @1.3 GHZ)

* Vortices cannot keep pinned at this

frequency > Meissner State
= . :
* An s-wave Cooper pairing state with a full
|
Defects are S SC gap on the entire Fermi surface
voluntarily introduced -2
to enhance pinning £ | :
& | | L. .
gﬂ S, | Sy | N Emphasis is placed on reducing
| the number of defects
0 Hcl Hc2
Appled field H
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State of the art: Bulk Nb
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Performances closer Earopesn
to Nb theoretical 2 3
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Because Tc of Nb is 9.2 K

SRF cavities are operated
at 2 K for High Q 10E+09
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|
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Energy saving push for HTS R&D

Increase Tc means move operational T from 2K to 4.5 K
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Supercond. Sci. Technol. 30 (2017) 033004

Reduces cryogenic power by a factor of 3
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HTS candidates and current R&D
HTS in SRF means SCwith T_. > T_ Nb

Tc =183 K Tc=39 K Tc=1735K Tc=1/71K
L T Hybrid Physical Sputtering, Sputtering, Thermal
vapor/Liquid Tin - P 25 ) Vapor  plasma-enhanced  Diffusion
Diffusion "
, Deposition, In- ALD
Sputtering Situ reactive
Co-sputtering, evaporation,
Bronze route Plasma
Electrochemical electrolytic - I
flectroche e ectromt Very brittle materials

Only thin films possible
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Nb;Snh state of the art

Vapor Tin Diffusion
Cornell, Fermilab, Jlab, KEK

Vacuum space ~ —_
T~
Cavity/sample \ |~ Coating chamber ' . N
‘ 3 - ® 44K
Nucleation ( ) | o INbbulk 4.4 K (@ ~2%10%) e 20K
agent \ 4 - P 109 L 1 L 1 B E—
Primary heater — \ | 0 5 10 - 15 20 25
Secondary heater —t——| - Tin crucible L . , acc | . :
|_i 0 20 40 60 80 100
Tin source Bnk [mT]

S. Posen, SRF 2019 proceedings (elaborated)
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Conduction cooled SRF
for industrial applications

4.5 K operation with high Q open the ENERGY AND ENVIROMENT
possibility to simplify cryogenics using

cryocoolers instead of He bath * Treat Municipal Waste & Sludge

* In-situ environmental remediation
INDUSTRIAL AND SECURITY

* In-situ cross-link of materials

« Medical sterilization without Coc0

aj Courtesy: John Vennekate

Courtesy: Jayakar Thangar
[

Focusing solenoid Cryocoolers

RF power in
Injector RF cavity Cryomodule

Thermionic gun —y,

Beam outlet

650 MHz, welded niobium rings 1.3 GHz, Cu plating & ring
@ Fermilab @JLab
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Jayakar Thangaraj (FERMILAB), TTC 2022 Aomori
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A different approach on I.FAST:
Nb:Sn on Cu

Cu substrate as several advantages:
* Cheaper than Nb
* Higher thermal conductivity

* PVD technology (Nb on Cu) already used for
| EP, LHC, HIE-ISOLDE @ CERN
ALPI @ INFN LNL
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R&D on all the production chain
Cavity Forming N Surface Polishing N SC Coating
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R&D on Seamless Cavity Fabrication

Cavity Forming

Spinning (wr9)

additive manufacturing

(WPT10) 7 INEN

1.3 GHz seamless copper
production by spinning

—

Sciarrabba et al, SRF2021 proceedings

Candela V. et al. Smoothening of the down-skin regions of copper components produced
via Laser Powder Bed Fusion technology. Int J Adv Manuf Technol 123, 3205-3221 (2022)

400 MHz seamless copper Prototype
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R&D on Surface Polishing

Surface Polishing

Mechanical polishing for AM

(WP10) ROSLER &

amw finding a betfer way ...
& FRARBRR

3 Step process:

[ [ ] [ ]
Plasma Electrolytic Polishing I
(WP9) o Identical EP set-up Ry~30um =2 ~ 4 um
£ ] . .
3 3 Different I-V conditions 2. Chemically assisted
Z 15 % . . R, ~4 um =2 R, <1 um
g ) Diluted salts solutions
g ARCING (INFN patent) 3. Final polishing
\5 0,5
Sk R, ~0.5um
0 | 1CI)0 I ZCI)O I 3‘.1)0 I 460 I SflJO I N F N
N -IO times faster and 3 times m(\;ollfge‘éfﬁ(:ient than sta nda rd Ep Candela V. et al. Smoothening of the down-skin regions of copper components produced

via Laser Powder Bed Fusion technology. Int J Adv Manuf Technol 123, 3205-3221 (2022)
« Safer and more eco-friendly than EP

e 3

« Polishing of large areas challenging ,

- Roughness Ra (nm) -
Untigaléd : 7, ¥ ' 4 :
;" ¥ ‘ - 1 removed A a ~

. T 150um ~5h 150um ~ 40 min
IFAST

Metallographic polishing

(WP) [

Mirror like mechanical polishing

‘.bJ CLab

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

Pira et al., SRF2021 proceedings
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SC Coating

—

HTS COATINGS BY PVD (wr9
Nb.Sn, NbTiN

R&D on Coatings NO COATINGS BY ALD (0

Protective barrier
* Adaptive layer
Low SEY material

« SIS multilayer

i T
° -t (s S

- CHARACTERIZATION (wro)

Magnetometry

Penetration field
« QPR

« 6 GHz cavities
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Nb.Sn on Cu is a challenge!

. . . o e . Tc of Nb.Snh on different substrates
Low melting point of Cu is a limitation (P=37102 mbar, T= 750 °C)

Diffusion of Cu into Nb:Sn and Sn migrationintoCu "7 7]
. Sapphire / ]
Tc of Nb;Sn VS Annealing Temperature 173+ 0.2
on different substrates (P=3*10-2 mbar) 80 B |
18 — T T T T T T = Copper
- ® S eof 127 +1.3 .
] ) 16687 17.31] é Nb barrier 1
16 4 . Sapphire ’ i S 40 14.0 £ 0.2 -
©
151565 i =
S 13,69 13,7 0% B _
= 144 é Nb barrier i 4 - J -
] ; 0 1 1 1 1 1 1 1 ]
131 Co or 120 H _ 9 10 11 12 13 14 15 16 17 18 19
12 - 12+45 P | 12,72 Temperature (°C)
‘ A barrier layer slightly improves Tc
11 T T T T T T T T

620 640 660 680 700 ' 7é0 ' 71110 ' 760 Other Solutions’

Process and Annealing Temperature (°C)
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Standard
Laser Flash Lamp  Annealing

Fast annealing

LASER ANNEALING

(WP9) 1862
R
& FLASH LAMP ANNEALING
AS COATED RIGA TECHNICAL (IIF project) M
UNIVERSITY e.g. NbsSn HELMHOLTZ ZENTHUI\FJ:F
Laser beam ngh T (K)
Nb/Cu tube Xe-lamp
Vertical moving
(motorized translation
stages) I |
AFTER LASER e : = Millisecﬁnneal
TREATMENT / o7 FLA is used in
/ Rotation movin 1E+21 .
moton:tza(::3 :;)tatiin /0)_* B] I‘W 'Se m I CO n d u Cto r
% (an:)am Activation fg;;e-'éﬁo"a' annealing |l n d u St ry tO red uce .
e : \ ssogrsa. | diffusion of dopantsin
stpper i | \ I substitution of
fAs Implanted Diffusion
R Ries et al 2021 Supercond. Sci. Technol. 34 065001 -21,_55“.:,"‘_;,‘1%’5’,‘\:};\#*\. standard annealing

1E+18

D. A. Turner et al 2023 IEEE Transactions on Applied Superconductivity 33 7500512 0 100 200 300 400

Depth (4
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There is room for industrial companies

3 main topics/areas for potential collaboration with industries

Cavity Forming Surface Polishing SC Coating

== == ==

2 companies are already involved in .LFAST WP9 and WP10:

Accelerators installed worldwide
50000 ‘ :

~ - A
R()SLER1 \ == edical Accelerators
Plccollgr finding a better way ... 45000 " —u—industrial Accelerator Total /

. X . 40000 ~—==Discovery Science Accelerators |
Mechanical polishing
of Additive Manufacturing Cavities

==e==|on Implantation

Seamless cavity forming by spinning

=o-—E-Beam Material Processing
=~===Electron Beam Irradiation

HTS SRF has the potential to enter a huge market £ ., | fowoerommen e
currently not accessible due to the complex cryogenics 1500 | " Alleeselrators | /
required by traditional Nb SRF cavities 10000 - /

1968 1973 1978 1983 1988 1993 1998 2003 2008 2013 2018
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B.L. Doyle et al., Reviews of Accelerator Science

and Technology Vol. 10 (2019) 93-116




Conclusions

Nb;Sn on Cu for SRF is a challenge
R&D still ongoing (TRL 2 > TRL 5)
3 main areas in which collaboration with industry can help

New market for SRF in the horizon

IFAST
Trieste, 18 April 2023 HTS R&D for SRF cavities cristian.pira@lnl.infn.it 19




IFAST INFN

pira@infn.it

Thanks for your attention

This project has received funding from the European Union’s Horizon 2020

Research and Innovation programme under GA No 101004730.



