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Hot topic 2
Development toward extremely high
performance superconducting cavities
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1. State-of-the-art: we know the recipes

* We know
« EP +900C + 120C / two-step bake for high G
* EP + N-dope /EP + mid-T bake for highQ 10" — ;>,_—
* Nb;Sntoreach ~22 MV/m at4 K | ]
* But how much do we understand? | A

e Do we need to understand?
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2. Future directions

Which one is more promising: new shape or better material?
* Traveling-wave structure

* Even more fancy surface treatment of Nb, alternative materials, etc
e Both?

Traveling wave Baking / doping Thin film (Nb;Sn)

Courtesy:

Sam Posen

Courtesy: — = &
Roman Kostin
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2. Future directions

Are thin films really viable for high-G applications?

* Nb/Cu = good compromise in low-G applications but above 15-20 MV/m?
* |deato improve Nb3Sn/Nb: solution beyond 22 MV/m? or is it a fundamental limit?

Multilayer, MgB2, FeSe, ReBCO + pulse, etc
2K, 4K, 77 Koperation?

* |f not, why?
REBCO/Cu
Nb/Cu Nb,Sn/Nb = Measurement at 81 K

- j ' ; ; ; ; 3 ‘ ‘ S —osw £ .

:Mo . ] T 1w @) http://arxiv.org/abs/2509.13668
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http://arxiv.org/abs/2509.13668

Practical issues for extreme high gradient

XFEL Cavity acceptance”
100%-I ' ‘ _' ‘ '-140
e Cavity yield statistics L = O zz
* Cavity vertical test yield statistics 60% | N 2
o 180 9
 Cryomodule yield statistics 2 ' i E
« Heatload c E, 2 o =R -
e 50 MV/m@2e10 ¥ 20% f I 1o
« ~134W CW . =l N J s
e ~1.34 Wfor 1% duty cycle ° e s %
e LFD Af~2.5kHz (50 MV/m) t00% |
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Yield

Cavity and clean room assembly, especially the string
assembly requires a paradigm-shift thinking for 50 MV/m.
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. Average CM operational gradient [MW/m]
LCLS-II-HE (N-doped CM, spec 20.8 MV/m) rebuild rate 12% XFEL Cryomodule performance *

*N. Walker et. al., Proceedings of LINAC2016, East Lansing, MI, USA, WE1A04



ldea to improve Nb,Sn/Nb: solution beyond
22 MV/m? or is it a fundamental limit?

* I’'m honored that people think our Nb;Sn films might be perfect
enough to prove a fundamental limit but...



ldea to improve Nb,Sn/Nb: solution beyond
22 MV/m? or is it a fundamental limit?

* I’'m honored that people think our Nb;Sn films might be perfect
enough to prove a fundamental limit but...
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Figure 5: Histogram of relative area with a certain H-field
enhancement factor.



Uncoated Nb — l’la =40 nm, Rq =48 nm

Nb,Sn/Nb: solution beyond 22 , 2
MV/m? is it a fundamental limit? e
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Figure 9. Performance of 1.3 GHz single cell cavity CBMM-D
before and after processing (top) and comparison to a selection of
previous 1.3—1.5 GHz single cell cavities (data from [24, 35]) at
4.4 K (bottom).
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DC magnetization typical hysteresis

Vx are trapped =>
AM % 0 (hysteresis)

'HM = 'ler h

Vx move freely

HME ler

AM is reversible

Vx move freely
AM is reversible

'HCZ

M(H)=-xH
x= geometrical parameter,

HCZ

Includes demagnetization factor

'
[

A Calculation (London):

M ~ - Do(32n2Ag2)In(Hc,/H

—

H/H
B, = trapped flux  ’
=t AM @ H=0

SRF 2025 CZA hot topic

D.M. Gokhfeld, "Analysis of Superconductor Magnetization Hysteresis".
Journal of Siberian Federal University. Mathematics & Physics, 2018.
11(2): p. 219-221.



Bulk Niobium: effect or recrystallization

Recrystallization: mainly reduction of dislocation density, and improvement of overall crystalline
quality
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Samples for Cavity Production". Particle Accelerators, 1998. 60(1): p. 121-134.

Remaining hysteresis after 1400°C : probably geometrical (pinning on the edges of the sample)

SRF 2025 CZA hot topic



~ 25 nm MNbN

i
Trilayers: Saphire/Nb>%0"m/MgO/NbN?2>"m 15 om insultor (4gO) f-
500 nm Nb “bulk”
Monocrystalline sapphire -~
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Combination insensitive to them!

. Large hysteresis
(3 surface barrier!)

H // sample plane;

longitudinal moment CZ. Antoine, et al

http://accelconfweb.cern.ch/accelconf/s
RFE2009/papers tuppo070.pdf
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http://accelconf.web.cern.ch/accelconf/SRF2009/papers/tuppo070.pdf
http://accelconf.web.cern.ch/accelconf/SRF2009/papers/tuppo070.pdf

Nb;SnThick film vs SIS @ 4.5 K

SIS : irreversibility => no vortex pinning <= no Vx entry ?

https://indico.cern.ch/event/817780/

contributions/3715437/attachments/

1981760/3300532/T 2020 02-

TTC meeting WG3 ML .pptx
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SIS : an intrinsically safe structure ?
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https://indico.cern.ch/event/817780/contributions/3715437/attachments/1981760/3300532/T_2020_02-TTC_meeting_WG3_ML_.pptx
https://indico.cern.ch/event/817780/contributions/3715437/attachments/1981760/3300532/T_2020_02-TTC_meeting_WG3_ML_.pptx
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GB

Ultimate defects in Nb,;Sn

J. Lee https://doi.org/10.1016/j.actamat.2020.01.055
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https://doi.org/10.1016/j.actamat.2020.01.055

How far can Nb;Sn go?

Quench field vs Average Gap

100 i | For large K (A/§ = 24)
mT .
Hc : ;
E 754 f E
% 4 N E mT
2 ? +25A [m_evl
£ 50- |
& i = BulkAfor Nb3Sn is 3.4 to 3.5 meV
3 i = Max expected Quench field is ~ 91
- : +2mT =22 MV/m
f:umev Present results suggest we

00 04 08 1.2 'Ks 2[jo vz}ifzia 32 36 a|ready reached the limit...
" Is it possible change the H, slope?

T. Proslier, Correlations between Tunneling Spectroscopy and SRF cavity performances, TTC2020
https://indico.cern.ch/event/817780/contributions/3715517/attachments/1982513/3302032/T TC-Proslier.pdf
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