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SRF System Baseline for FCC
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In total: 366 CM, 1’464 cavities (4 cavities/CM, present assumption):
» 400 MHz single-cell (Nb/Cu): 28 CM, 112 cavities A 4.5 K (to be removed after Z)
» 400 MHz two-cell (Nb/Cu): 66 CM, 264 cavities A 4.5 K

» 800 MHz five-cell (bulk Nb): 272 CM, 1088 cavities A 2 K Pe rforma nce of th i N fi I m 400
MHz are one of the main
Collider (ttbar2): 188 CM (264 cavities 400 MHz, 488 cavities 800 MHz)
Booster (ttbar2): 150 CM (600 cavities 800 MHz) Ch a I Ie ng es Of FCC S R F SySte m

SRF System Baseline from Vittorio Parma, FCC week 2023
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400 MHz requirements

LHC cavities Q vs E;.c @4.5 K
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SRF R&D @CERN for FCC

HiPIMS technology densifies the Nb coating and
increases RF performances compared to DCMS

Carlota Pereira Carlos, FCC week 2023 (elaborated)
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Other Option for FCC SRF System
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Extremely ambitious
for very high

operational savings
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INFN LNL SRF R&D focused on
Nb.Sn since 2021

The development of Nbs;Snh on Cu for SRF accelerating cavities is part of
European Strategy for Particle Physics Accelerator - R&D Roadmap

INFN R&D started in a CSN5 experiment S/ M\

INFN CSNS Experiment

INFN LNL has a leadership role in the two main ' iy Y vV
European Projects on Thin Film SRF R&D: IFAST W\(

A dedicated Project on R&D of interest of FCC SRF cavities

. R&D f
has been financed by INFN board: |=cc-¢;<:r W‘ig;ifir
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Nb.Sn motivation

Energy saving is mandatory for FCC-ee and the next generation accelerators..

..cryogenics is one of the larger energy cost in modern SRF accelerators

B Move from bulk Nb @2K to Nb;Sn @4.5 K

reduces cryogenic power by a factor of 3
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Nb.Sn motivation

Energy saving is mandatory for FCC-ee and the next generation accelerators..

..cryogenics is one of the larger energy cost in modern SRF accelerators

Move from thin film Nb @4.5 K to Nb;Snh @4.5 K
Reduce T, /T. A Suppress Rgcs A Increase Q

‘ Expected
| | Performances for
e FU2 ol Nb;Sn
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10° Carlota Pereira Carlos, FCC week 2023 (elaborated)
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Nb.Snh on Cu: Multiple challenges

» Al5 are Brittle materials

» Complicated Phase Diagram
» Low melting point substrate
» Interface diffusion

» Coating Parameters

» Substrate preparation

» Trapped Flux

» Tuning

INFN  Development of - FCC




Nb.Sn on Cu: Multiple challenges

» Al5 are Brittle materials
» Complicated Phase Diagram
» Low melting point substrate

_ » Interface diffusion
IFAST Coating Parameters

SRF cavities » Substrate preparation »

or | A
FCC-ee iAo 13
INFN Accelerators European > Ta rget PrOdUCtlon/Magnetron Des'gn )y 4 ' :

Strategy Program
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sy » Trapped Flux
SNV » Tuning
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TRL evolution

First test in 2021 SAMARA

INFN CSN5 Experiment

MAIN GOAL (2025):

Produce a prototype of high
performance 1.3 GHz thin film SRF
elliptical cavity

Q>1-10°@ 45K

Development of FCC
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A step forward in TRL
Focus on:

A minimizing trapped flux

SRF cavities
R&D for
FCC-ee

A increasing coating mechanical
strength
(to allow cavity tunability)

INFN Accelerators European
Strategy Program
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INFN LNL R&D activity covers
all cavity production chain

. . , . SC property evaluation
Cavity Forming Surface Polishing layer by ALD SC film coating Post Treatments P Fl)?Fst/est

Seamless Spinning tf

Additive Manufacturing ~aYl 9f SOG NPAtomid layer Depositiora K A y Bb,Sn on Cu

Science and

Laser Annealing
Technology

Millisecond Flash Annealing [@]
‘ . - l_l:] % Facilities Council
= E [ 78 o
echnolog!
Facilities Councll : i H B UNIVERSITAT
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In SRF project 2 technologies are
developed in prospective of FCC

Surface Polishing SC film coating

INFN Developmentiof [, 810 F:15 FCC cristian.pira@Inl.infn.it

Plasma
Electrolytic
Polishing

Nb-Sn on Cu
Coatings
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SRF Project is supported by CERN

» The project has been defined through several meetings with
Walter Venturini (RF Group) and Guillaume Rosaz (Coating Group)

» CERN will support and participate to the project
via SRF R&D program

» A INFN-CERN MOWU is in preparation

Thin Film SRF FCC cristian.pira@Inl.infn.it
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Coatings
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Nb.Sn coatings: target production

Single target configuration easiest to scale onto elliptical geometry
Nb-.Sn cylindrical targets are not commercially available

LNL Strategy for Nb;Sn_
cylindrical targets production
for 6 GHz cavities

Proof of concept
% 5000, | NbsSn thickness
4 4 g | | related to dipping time
i | Possible tin content

Thickness* (um?)

Raw Nb Dipping in Nb;Sn | modulation
target liquid Sn cylindrical 3 fhriel IR B
target Time (b
INFN Development of Film SRF FCC cristian.pira@Inl.infn.it




szsn Coatings

Long R&D phase on PVD Parameter Optimization
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Nb substrate can be used to validate Min Coating Performances
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First Nb,Sn RF Results

(on a small Nb planar resonator)
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Equivalent to a Q of 9:10° @5 MV/m @4.5 K
> NbsSn coating suffer fluxtrapping — Almost 1 order of magnitude better than LHC!!!
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Nb.Sn Path to Final Prototype

Nb;Sn on bulk Nb to validate coating
performances (2025)
on 1.3 GHz Elliptical Cavities (2025) N

Develop Nb thick barrier/accommodation layer
on 1.3 GHz Elliptical Cavities (2025)
(proof of concept on 6 GHz cavities already done) V

Nb.Sn on Cu with thick Nb coating
on 1.3 GHz Elliptical Cavities (2026-2028)

In parallel:
» 1.3 GHz Vacuum system ready

» Study on alternative buffer layer E

» Magnetron source commissioned |
» Study on flux trapping  [FR . HEB....

Council Zentrum Berlin
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Film SRF

Surface Polishing
PEP

FCC cristian.pira@Inl.infn.it
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Surface Polishing

1011

1.3 CHz @ 1.85 K Nb-Cu bulk substrate
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L. Vega Cid, TTC meeting 2022 (elaborated)
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Cu substrate plays a
fundamental role in
SRF performances

Roughness and defects
reduction by surface
treatments are mandator)[/_ for a
good and uniform SRF coating

. P
requires large o= s

21

Cavity polishin _
amount of acids. In particular Nb
requires HF (extremely dangerous
and poisoning process)
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Plasma Electrolytic Polishing PEP

Mechanism
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Plasma Electrolytic Polishing PEP

1xﬁNb 3xﬁCu

Solution Patents by INFN

QPR Samples

- Nb QPPRpolishingoptimizaztionon-going

Full CuQPRreadyfor coating

PEP 30 min

Ra=13m Ra= 1.5 m B o 6 GHz Cu cavity
6.5t mremoved
150 um removed in ~5h 150 pm removed in ~ 40 min D No internal cathode!
701t m removed in 10 minutes
30 A (100 cm2 A 1.3 GHz D 300 A)
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