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The necessity of a basic materials research community for the accelerated development of SRF materials.
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SRF accelerators are the technology of choice for producing high quality, high energy beams in the energy
range of tens to hundreds of GeV, which is an essential high energy physics (HEP) science driver for “big
science” projects. In the coming decades, there are several US and international projects proposed, such as
the ILC[1], LCLS-II-HE[2], FCC[3], [4] , and CEPCJ[5], which will benefit from developments in the
current technology. The workhorse material for SRF accelerators has been high purity bulk Nb which has
been developed for the past 50 years[6]. In the last 20 years, project-driven advances have led the
community to significantly improve SRF Nb cavity performances with the development of surface
preparation and heat treatment procedures, and clear identification of physical metallurgy issues that limit
the performance such as the hydride problem [7]-[10]. Within the past decade, modification of the surface
chemistry by diffusion of N [11], [12], Ti [13], and C [14] into Nb, and understanding the influence Nb
surface composition has provided pathways to further the Nb technology. More recently, there have also
been demonstrations that a high accelerating gradient E,.c > 45 MV/m with low losses or high-quality factor
Qo[ 15] can be achieved. These remarkable values of E,.. correspond to the ultimate achievable breakdown
magnetic fields of H~200 mT in Nb. However, the ability to consistently achieve higher gradients at high
Q in Nb requires a fundamental understanding of the relationship between the final Nb surface and the
processing steps from Nb ingot to the operational cavity. Control over-processing and structure starts at the
ingot and must be maintained all the way to the final cavity. Yet, the various processing requirements often
lie behind empirical recipes and carefully guarded trade knowledge.

Newer materials with higher T, beyond Nb (T, = 9.2 K) and material strategies that involve multilayer
structures [16]-[18] are already on the horizon. The most promising superconductor among them is Nb3Sn,
with recent results for an Nbs;Sn layer on Nb, indicating that gradients over 20 MV/m at 4.2 K is now
possible[19] with theoretical limits of over 100 MV/m. Other superconducting materials such as MgB.,
V3Si, and iron-pnictides are being considered as they offer economic high-temperature options but need
sustained development and evaluation of microwave and rf properties. All of these materials are brittle
granular intermetallics, and the success of any rf strategy depends on the details of transport across grain
boundaries. There are several exciting results on an R&D level, and their evolution into the state-of-the-art
accelerator technology processes require careful metrology, specification control, and modeling capabilities
to obtain predictive and consistent material level performances for next-generation accelerators. The recent
advances in SRF cavity performance show that a sustained investment in SRF materials can be expected to
provide actual dividends for future accelerators.

Below we summarize three significant opportunities that would enable further development of better SRF
materials:

1. Fundamental materials R&D for Nb
The development of processes for consistent and predictable performance in Nb SRF cavities and
to go beyond state-of-the-art requires an understanding of the physical metallurgy aspects
involved during Nb processing, forming, heat treatment, and cavity processing. These studies are



also relevant to understand solving issues with current SRF cavity technology regarding flux
trapping and expulsion. Much of this work can be performed economically and quickly by using
small samples and then confirmed on cavities. Material based modeling needs investment and can
provide predictive capabilities. To obtain predictive performances in Nb accelerators, physics-
based material models need implementation, for example, the prediction of microstructure after
processing and heat treatment given the initial microstructure. The results of this work can
provide recommendations for sheet vendors for better initial sheet specifications in addition to
cavity fabrication optimization. A well-developed model could be a predictive tool to inform
initial material selection or evaluation. These models are well developed in both the automobile
industry for steel, beverage can industry for Aluminum, and for materials for nuclear applications
and have occurred due to close academic-national lab collaborations[20], [21]. Such a template
would lead to the development of a long-term base workforce that stays active.

2. Moving beyond Nb
Beyond Nb, the next generation of SRF materials with higher T, and lower cost will be much
more complex, and the development of these materials will need R&D specific to microstructure
and microchemistry and their impact on SRF properties. Grain boundaries must be transparent to
rf current, yet the details of grain boundaries are complex and require the most advanced
instruments available to materials science to elucidate. High-risk, high reward technologies along
with fundamental R&D studies would also benefit from the development of coupon scale, 25-
100 mm diameter RF testing systems that are easily accessible for small scale studies to open up
research opportunities in these areas to a broader community.

3. Sustaining broad-based research collaborations
The complex issues that will need to be solved to move the materials science forward will require
the support of a wide variety of expertise and technology. The development of a base workforce
to support the advanced SRF materials initiative and its application will also be essential to
sustain this effort. An excellent model to follow for such an interaction could be the Low-
Temperature Superconductor Workshop (LTSW), which has had a significant impact on the
magnet development community by bringing together, industry, universities, and national
laboratories in a collective effort to improve the performance of superconducting wire for
accelerator and fusion applications. The plans for future accelerators could provide the thrust for
more comprehensive community activity. A strong recommendation is to reinvigorate the US
SRF Materials workshop that could offer a potential avenue to bring together experts from
various walks.

This letter of interest supports the efforts of the DOE-GARD program in enabling significant
developments in recent years. The community has benefited from the improved understanding
provided by fundamental material R&D done on Nb. The LOI promotes building a strong
collaborative research community that will provide immediate and long-term support to the SRF
community and the development of the next generation of SRF cavities.

References

[1] Linear Collider, Revised ILC Project Implementation Planning. .

[2] T. Raubenheimer, “The LCLS-II-HE, A High Energy Upgrade of the LCLS-II,” Proceedings of the
60th ICFA Advanced Beam Dynamics Workshop on Future Light Sources, vol. FLS2018, p. 6
pages, 1.626 MB, 2018, doi: 10.18429/JACOW-FLS2018-MOP1WAO?2.



[3]
[4]

[5]

[7]

[8]

[9]

[12]

[13]

[14]

[20]

[21]

M. Benedikt and F. Zimmermann, “The physics and technology of the Future Circular Collider,”
Nature Reviews Physics, vol. 1, no. 4, Art. no. 4, Apr. 2019, doi: 10.1038/s42254-019-0048-0.

M. Benedikt, A. Blondel, P. Janot, M. Mangano, and F. Zimmermann, “Future Circular Colliders
succeeding the LHC,” Nature Physics, vol. 16, no. 4, Art. no. 4, Apr. 2020, doi: 10.1038/s41567-
020-0856-2.

T. C. S. Group, “CEPC Conceptual Design Report: Volume 1 - Accelerator,” Sep. 2018, Accessed:
Aug. 31, 2020. [Online]. Available: https://arxiv.org/abs/1809.00285v1.

H. Padamsee, “50 years of success for SRF accelerators—a review,” Supercond. Sci. Technol., vol.
30, no. 5, p. 053003, Apr. 2017, doi: 10.1088/1361-6668/aa6376.

B Bonin, RW Roth - Part. Accel., 1992, [Online]. Available:
http://cds.cern.ch/record/1055117/files/p59.pdf

A. Romanenko and H. Padamsee, “The role of near-surface dislocations in the high magnetic field
performance of superconducting niobium cavities,” Supercond. Sci. Technol., vol. 23, no. 4, p.
045008, Mar. 2010, doi: 10.1088/0953-2048/23/4/045008.

A. Romanenko and L. V. Goncharova, “Elastic recoil detection studies of near-surface hydrogen in
cavity-grade niobium,” Supercond. Sci. Technol., vol. 24, no. 10, p. 105017, Sep. 2011, doi:
10.1088/0953-2048/24/10/105017.

F. Barkov, A. Romanenko, and A. Grassellino, “Direct observation of hydrides formation in cavity-
grade niobium,” Phys. Rev. ST Accel. Beams, vol. 15, no. 12, p. 122001, Dec. 2012, doi:
10.1103/PhysRevSTAB.15.122001.

A. Grassellino et al., “Nitrogen and argon doping of niobium for superconducting radio frequency
cavities: a pathway to highly efficient accelerating structures,” Supercond. Sci. Technol., vol. 26, no.
10, p. 102001, Aug. 2013, doi: 10.1088/0953-2048/26/10/102001.

A. Grassellino et al., “Unprecedented quality factors at accelerating gradients up to 45 MVm-—1 in
niobium superconducting resonators via low temperature nitrogen infusion,” Supercond. Sci.
Technol., vol. 30, no. 9, p. 094004, Aug. 2017, doi: 10.1088/1361-6668/aa7afe.

P. Dhakal et al., “Effect of high temperature heat treatments on the quality factor of a large-grain
superconducting radio-frequency niobium cavity,” Phys. Rev. ST Accel. Beams, vol. 16, no. 4, p.
042001, Apr. 2013, doi: 10.1103/PhysRevSTAB.16.042001.

J. Maniscalco, P. Koufalis, and M. Liepe, “Fundamental Studies of Impurity Doping in 1.3 GHz and
Higher Frequency SRF Cavities,” Proceedings of the 29\textsuperscript{th} Linear Accelerator
Conf., vol. LINAC2018, p. China-, 2018, doi: 10.18429/jacow-linac2018-tupo054.

A. Grassellino et al., “Accelerating fields up to 49 MV/m in TESLA-shape superconducting RF
niobium cavities via 75C vacuum bake,” arXiv:1806.09824 [physics], Jun. 2018, Accessed: Aug.
29, 2020. [Online]. Available: http://arxiv.org/abs/1806.09824.

A. Gurevich, “Enhancement of rf breakdown field of superconductors by multilayer coating,” Appl.
Phys. Lett., vol. 88, no. 1, p. 012511, Jan. 2006, doi: 10.1063/1.2162264.

A.-M. Valente-Feliciano, G. V. Eremeev, C. E. Reece, and J. K. Spradlin, “Growth and
Characterization of Multi-Layer NbTiN Films,” p. 5, 2015.

C. Z. Antoine et al., “Optimization of tailored multilayer superconductors for RF application and
protection against premature vortex penetration,” Supercond. Sci. Technol., vol. 32, no. 8, p.
085005, Jul. 2019, doi: 10.1088/1361-6668/ab1bf1.

S. Posen et al., “Advances in Nb3Sn superconducting radiofrequency cavities towards first practical
accelerator applications,” arXiv:2008.00599 [physics], Aug. 2020, Accessed: Aug. 12, 2020.
[Online]. Available: http://arxiv.org/abs/2008.00599.

S. A. Nazari Tiji et al., “Characterization of yield stress surface and strain-rate potential for tubular
materials using multiaxial tube expansion test method,” International Journal of Plasticity, vol. 133,
p- 102838, Oct. 2020, doi: 10.1016/].ijplas.2020.102838.

T. Park et al., “Crystal plasticity modeling of 3rd generation multi-phase AHSS with martensitic
transformation,” International Journal of Plasticity, vol. 120, pp. 1-46, Sep. 2019, doi:
10.1016/j.ijplas.2019.03.010.



