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Cryogenic Losses in CW Machines
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Required Cryogenic Grid Power in kW/W
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Qo is given by the temperature, frequency and material choice



Surface Resistance
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Surface Resistance cErn)

Rs = Racs + Rres

Recs increases with 12
Recs decreases with exp(T/T.)
Recs depends on the mean free path
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Surface Resistance cErn)

Rs = Recs + Rres

Recs increases with 12
Recs decreases with exp(T/T.)

Recs depends on the mean free path

BCS Surface Resistance in nQ
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Rres IS independent of T

Rres depends only slightly on f
-ield dependence depends on
material

Expected in
mass production

Bulk Nb 0.5-20nQ 10-15 nQ)
Nb/Cu 0.5-30nQ 20 nQ)

Material Achieved
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Surface Resistance in nQ

Bulk Niobium - A Well-Known Technology C\@
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N Doping - Pushing the Limits of Bulk Niobium (iE\/RDI

2min/6min doping recipe
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Surface Resistance in nQ)

Nb/Cu - New Coating Techniques on the Rise G
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Only low Eacc due to strong Q-
Slope

Mitigated Q-Slope for energetic
condensation techniques
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Surface Resistance in nQ)

Nb/Cu - New Coating Techniques on the Rise G
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Energetic Condensation cErn)
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Energetic Condensation techniques like ECR and HIPIMS
promise improved film microstructure and interface
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Energetic Condensation

Energetic Condensation techniques like ECR and HIPIMS
promise improved film microstructure and interface

ECR sample measured in CERN’s Quadrupole Resonator
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Energetic Condensation cErn)

Energetic Condensation techniques like ECR and HIPIMS
promise improved film microstructure and interface

ECR sample measured in CERN’s Quadrupole Resonator
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Courtesy of G. Rosaz, CERN

Biased HIPIMS samples show
denser film for non-normal
incident angle.



Nb3Sn/Nb - Beyond Niobium gE/RW
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Perspectives for R&D cErn)
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Cryogenic Power for the Top Machine cErn)
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The perspective of cavity performances yields similar
cryogenic losses for Nb/Cu at 400 MHz and 4.5 K and bulk
Nb at 800 MHz and 2.0 K.

A15 Materials might further reduce the cryogenic power.
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Cryo power is not everything: more considerations iEfW
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Cryo power is not everything: more considerations ﬁE/RW

N, S

Installation Cost

Bulk Nb N Doping Nb3Sn/Nb

Magnetic Shielding

Nb/Cu Nb3Sn/Nb Bulk Nb N Doping
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Cryo power is not everything: more considerations ﬁEfW

N, S

Installation Cost

Bulk Nb N Doping Nb3Sn/Nb

Magnetic Shielding

Nb3Sn/Nb Bulk Nb N Doping

Microphonics

Nb/Cu Bulk Nb
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Conclusion W)

Ny

» The application of Nb/Cu technology would reduce the installation
and running costs of the cryogenic system as well as the cost of
cavities and cryomodules.

* Energetic condensation techniques promise cavity performances
at 4.5 K comparable to bulk niobium.

* A15 materials such as Nb3Sn may even further decrease the
dynamic losses at 4.5 K.
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