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Abstract 

Many of scientifically interesting and technologically useful properties of materials are derived from 

electron-phonon (e-ph) interactions. Computations of e-ph interactions with sufficient reliability to be 
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predictive is a difficult task within our national materials research community that has not yet been 

satisfactorily solved.    The plane-wave based pseudopotential methods have been successfully used to 

study the valence electron bands and related properties of materials, because of its simplified 

formalism. However, when atoms move, they will carry their true electronic potentials with them, not 

pseudopotentials. The derivatives of true electronic potentials with respect to atomic shifts in a solid will 

be quite different from the derivatives of pseudopotentials with respect to the same atomic shifts 

because of the smooth and non-local nature of the pseudopotentials. The essential part for 

computations of matrix elements of e-ph interactions is a reliable calculation of the derivatives of the 

electronic potential with respect to shifts of atoms.    Consequently, to establish a new computational 

capability by implementing a full-potential approach for calculations of e-ph interactions is necessary. 

Using first-principles all-electron full-potential linear combination of atomic orbitals method for 

computing e-ph interactions is the best choice, because materials are linear combination of atoms. 

 

Question 1 (maximum 400 words) – Data-Intensive Research Question(s) and Challenge(s). Describe 

current or emerging data-intensive/data-driven S&E research challenge(s), providing context in terms of 

recent research activities and standing questions in the field. NSF is particularly interested in cross-

disciplinary challenges that will drive requirements for cross-disciplinary and disciplinary-agnostic data-

related CI. 

Computation of electron-phonon interactions with sufficient reliability to be predictive is a difficult task 

within our national materials research community that has not yet been satisfactorily solved. 

 

Question 2 (maximum 600 words) – Data-Oriented CI Needed to Address the Research Question(s) 

and Challenge(s). Considering the end-to-end scientific data-to-discovery (workflow) challenges, 

describe any limitations or absence of existing data-related CI capabilities and services, and/or specific 

technical and capacity advancements needed in data-related and other CI (e.g., advanced computing, 

data services, software infrastructure, applications, networking, cybersecurity) that must be addressed 

to accomplish the research question(s) and challenge(s) identified in Question 1. If possible, please also 

consider the required end-to-end structural, functional and performance characteristics for such CI 

services and capabilities. For instance, how can they respond to high levels of data heterogeneity, data 

integration and interoperability? To what degree can/should they be cross-disciplinary and domain-

agnostic? What is required to promote ease of data discovery, publishing and access and delivery? 

:  In the current end-to-end scientific data-to-discovery computations, the plane-wave based 

pseudopotential methods have been successfully used to study the valence electron bands and related 

properties of materials, because of its simplified formalism. However, when atoms move, they will carry 

their true electronic potentials with them, not pseudopotentials. The derivatives of true electronic 

potentials with respect to atomic shifts in a solid will be quite different from the derivatives of 

pseudopotentials with respect to the same atomic shifts because of the smooth and non-local nature of 
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the pseudopotentials. The essential part for computations of matrix elements of e-ph interactions is a 

reliable calculation of the derivatives of the electronic potential with respect to shifts of atoms. 

 

Question 3 (maximum 300 words) – Other considerations. Please discuss any other relevant aspects, 

such as organization, processes, learning and workforce development, access and sustainability, that 

need to be addressed; or any other issues more generally that NSF should consider. 

Because of the influences of some individual’s interests in materials research community, there is no 

support to establish a new computational capability by implementing a first-principles all-electron full-

potential approach for calculations of e-ph interactions, although is necessary. If there is no NSF funding 

support for establishing a new computational capability using first-principles all-electron full-potential 

approach for calculations of e-ph interactions, the problem cannot be solved. The work is necessary, but 

it is a difficult work. Please understand. 
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