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OUTLINE teserson a0

e Current Status of SRF R&D
* High Q, High Gradient

* Potential, Challenges, and Future R&D Directions
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CURRENT STATUS OF SRF R&D
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on Lab

Surface resistance is not just a material parameter; it is an operating expense.

Accelerating Gradient
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SURFACE RESISTANCE
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 Counter-Intuitive Physics: /.
Pure Niobium is not the
theoretical optimum.

e The Mechanism: b
By introducing impurities
(doping), we shorten the
electron mean free path.

e The Result: Resistance b
reaches a minimum when the
coherence length matches the
mean free path (§,/f = 1).
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RESIDUAL RESISTANCE (R,) {sttersn Lab

Rinterstitial: Caused by material Rinterface: S:ubstrate ;

impurities (H, N, C). Addressed by eﬁ'ects., typically for bi-

high RRR. metallic structures.
NbO). Addressed by annealing.

RO = + Rsuboxide + RTLS + Rinterface + Rqux T * ...

R urface defects: Surface damage.
Addressed by
Chemical/Mechanical Polishing,
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HIGH Q,, HIGH GRADIENT Jeffeson L2k
The Recipe: Surface Alloying within the RF Penetration Depth

Titanium Doping Nitrogen Doping/Infusion Oxygen (Mid-T Bake)
o %
- ©ridp e
e/ _O (o] (o) 0_
Surface alloying with Ti. High-temperature furnace Baking at 300°C-400°C to
treatment with N, gas. diffuse native oxide layers.
Temperature (T) Time (1) Dopant Species ? ???
Process Variables % : —t+— >

e M.
» Q-rise is due to the current-induced broadening of the quasiparticle density of states in dirty limit.
Gurevich, PRL 2014

> High QO cavities are very sensitive to trapped magnetic flux during cooldown, often mask the benefit of high Q,
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FLUX TRAPPING
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4 This work
——Eq. (17),k, = 4x10™
——Eq. (17), k, = 5x107*

P. Dhakal et al., PRAB, 23, 023102 (2020)
A. Gurevich, SUST, 30, 034004 (2017)

v

=

(LOW FIELD) .
][] ————+—+—+++ ————+—++++} e
O Ref [17]
O Refs. |18, 19]
0.8 F A Ref. [46] i
& This work
——Eq. (17),/= 20 nm, k, = 4x10™
0.6} Eq. (17),7= 10 nm, k, = 5x10° -
04 F -
0.2F — Aok -
Low ' RE _
00— (b)
10° 10° 10"

Flux trapping sensitivity depends on

0 Mean free path

L Pinning strength/type

O Frequency

L Orientation of flux lines with respect to rf field
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FLUX TRAPPING-FIELD DEPENDENCE
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At operating gradient, the

| benefit of high Q, is minimized

due to large flux trapping

1 sensitivity



FLUX EXPULSION/TRAPPING/RECRYSTALLIZATIONfteréon Lab
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Traditional
Cavities fabricated
from cold-worked Nb sheets,
followed by heat treatment at 800°C shown to
Improved flux expulsion
compared to traditional
methods

= Cold Worked
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Jefferson Lab

The main source of
surface resistance at operating gradient is
due to residual flux trapping
during cooldown
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Jefferson Lab

Q,-RISE & FREQUENCY DEPENDENCE
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Theoretical Model: Non-Equilibrium Superconductivity
A race between the RF drive and electron relaxation.

Kubo & Gurevich, PRB 100, 064522 (2019)
Kaplan et al., PRB 14, 4854 (1976)
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The Path to Next-Generation SRF Performance

The Future

The Mandate The Breakthrough The Obstacle
Ti o) A
E
T900.5% 7
.. %I o O e%e® \ /*
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ighQ i""r Q Nb,Sn
Optlmlzatlon of Impurity alloying (Ti, Higher Q factors Moving beyond
surface resistance is N, O) within the RF introduce heightened Niobium to Nb3Sn
an economic penetration depth sensitivity to trapped and leveraging Al to
necessity for (~100 nm) has magnetic flux, enable sustainable
large-scale unlocked the requiring new 4.2 K operation.
accelerators. “High Q" era. mitigation strategles

Mastering nanoscale surface physics to enable miles long discovery
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Je on Lab

Questions?
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