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Je on Lab

DOE GARD RF Roadmap - circa 2017
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GARD RF Roadmap Refresh initiative- CHARGE

There has been a lot of research progress since 2017, and the landscape of needs has continued to
evolve

The GARD program manager Derun Li launched an initiative to update the GARD RF Roadmap with

specific goals to:
A Identify high impact R&D topics

d Define near, mid, and far term goals
3 Ascertain the community’s most urgent priorities
O Evaluate workforce development needs

Recent releases: P5 report in 2023, Pathways to Innovation and Discovery in Particle Physics
The European Strategy for Particle Physics: 2026 Update

Your input and feedback is welcome

DOE GARD RF Update - SRF Virtual Workshop, Opening - Feb. 5, 3
2026



_ | JﬁfQon Lab
Process Timeline

Spring-Fall 2025
v" Virtual an dinformal meetings during workshops/conferences
Nov 2025 - Jan 2026
v schedule meetings, develop agendas, and solicit speakers
Jan/Feb 2026
Subtopic virtual group meetings
March 3 & 4, 2026
= |arge in person meeting in March with summaries of virtual meetings by subtopic leaders
Spring/early Summer 2026
= Report writing
= Calibration step with DOE

DOE GARD RF Update - SRF Virtual Workshop, Opening - Feb. 5, 4
2026



Decadal

roadmap and milestones for the high Q SRF frontier

2018 2020 2022 2024 2026 2028
Understand the field dependence of BCS surface Apply gained knowledge and
Physics of resistance and effect of different impurities develop new understanding for
alternative materials
RF Surface
Resistance Understand origin of residual resistance and its field dependence
Understand trapped magnetic flux losses and flux trapping
Continue exploration with nitrogen in
Nb at different temperatures Doping for new materials Potential of
Doping Probing the ultimate limits of Nb RF surface Nb material:

resistance by doping with different impurities Q(2 K)~ 1x10**

Study Nb doping atdifferent frequencies and temperatures

Pursue current promising path forward for material in bulk Nb,Sn studies for cryomodule
form (Nb;Sn) —explore and optimize coating techniques and operation
treatments for single cell / multi-cell cavities Explore SIS for Nb,Sn
Evaluate alternative materials, bulk or film

(NbN, NbTiN, MgB,) first on samples, then
on cavities

Drastically reduce sensitivity to magnetic flux for Nb and new materials

0 Impact:
Magnetic .
Flux In situ removal of trapped magnetic field (in cryomodule) *Retain 1x10'!
*Sustain very
Losses Develop Materials Specs to high gradients
ensure maximum flux detrapping
Q>4x10"at 2K, 1.3 GHz and Eg> 35 MV/m Residual Nb,Sn
resistance cryomodule
Go* Nb;Sn: Eqee > 20 MV/m with Q> <1nQin ready
o ¢ cryomodule technology

_ 1x10% at1.3 GHz,4.2 K

DOE GARD RF Update - SRF Virtual Workshop, Opening - Feb. 5,
2026

Jefferson Lab
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Decadal roadmap and milestones for the high Gradient SRF frc;Etier

2018 2020 2022 2024 2026 2028
Probing the fields above Hy, on Probing the limitsof accelerating field on
Ffundamentd samples sub-nanosecond time scales

Limits Evaluate feasibility of > DCH, fields
for up to ~GV/m scalegradients

Use theoretical and experimental expertise to evaluate
promising options for SRFmaterials (bulk and films),
develop sample coating and test tods

For materialsthat show B, >50 mT with R, <300 nQ, develop cavity coating tools

Development of techniques to

Measure and outpace time

DOE GARD RF Update - SRF Virtual Workshop, Opening - Feb. 5,
2026
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Progress since 2017 § % W o
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https://drive.google.com/drive/folders/12-y1bGFEUJgvN0v_cEUzJf08U2XhFinV?usp=sharing
https://drive.google.com/drive/folders/12-y1bGFEUJgvN0v_cEUzJf08U2XhFinV?usp=sharing
https://drive.google.com/drive/folders/12-y1bGFEUJgvN0v_cEUzJf08U2XhFinV?usp=sharing

Progress since 2017 Jefferdon Lab
Development of Nb;Sn as Practical SRF Material
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Progress since 2017 JefferSon Lab

New Materials, Films, and Multilayers
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DOE GARD RF Update - SRF Virtual Workshop, Opeffingll E6.@P R sample / NbBL30/ Nb3Sn film, courtesy C.Pira :
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https://indico.cern.ch/event/1202105/contributions/5391683/

Je on Lab

Progress since 2017
Field Emission Mitigation

U In-situ plasma cleaning

« Deployment to other frequencies and geometries

« Deployment in cryomodules (ORNL, FNAL, Cornell, SLAC, JLab...)
and beam lines (ORNL, JLab)

(J Robotics

= Cleanroom assembly and handling, precision component installation,

automated cleaning (HPR)
g&v“\ il e A

DOE GARD RF Update - SRF Virtual Workshop, Opening - Feb. 5, 2026
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Progress since 2017
Novel SRF Cavity Shapes @)
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DOE GARD RF Update - SRF Virtual Workshop, Opening - Feb. 5, 2026
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Today’s Program & Organization

J Facilities: SRF needs for the next decade
J Niobium

J SRF thin films

 Al/ML for SRF R&D and Operations

d SRF Technology

J Short Talks

Each session has a 10-15’ allocated slot for discussion.
The program is dense, so please respect the allotted time.
Please upload your presentations to the Indico site.

DOE GARD RF Update - SRF Virtual Workshop, Opening - Feb. 5, 2026 12
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