


IRG-1: Mechanisms, Materials, and Devices 
for Spin Manipulation

• Major advances in existing materials for spintronics, prototype devices

• Now investigating new materials and phenomena 
• Enabled by new techniques for imaging spins
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New Magnetic Imaging Techniques
Fuchs, Mak, Muller, Nowack, Shan,  Gruner
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Phys. Rev. X 9, 041016 (2019)
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Nguyen et al., under review
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Manipulating spin alignment of 2D CrI3 through stacking order

• Interlayer spin alignment depends on stacking
• Explains thickness-dependent magnetic state in atomically thin CrI3
• Opportunity for controlling spin alignment of layers

Theory: Nano LeA. 18, 7658 (2018)

Fennie, Mak, Muller, Shan
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IRG-2: Structured Materials for Strong 
Light-Matter Interactions
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2D single photon 
emitters…

…enhanced with topological 
and inverse-designed caviTes…

….light efficiently manipulated using 
extreme nonlineariTes enabled by growth 
and materials design.



IRG-2: Research Highlights
First Rabi Oscillations 
of a Single h-BN 
Quantum Emitter  
Optica 2019
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Doping site-localized quantum emiAers in 
monolayer WSe2 with spin-polarized electrons 
from a 2D magnet, Nat. Commun. (2020)

Exciton-Trion-Polaritons in 2D materials
Bound Trion

Unbound 
Trion

ExcitonPolariton Photon

PRB 2020, PRB 2020, 
PRL 2020, arXiv 2021 

Topologically 
Controlled Photonic 
CaviTes PRL 2020

First 2D hole gas in 
GaN/AlN (bulk)
Science 2019

2DHG



IRG-3: 2D Atomic Membranes for 3D Systems

• Synthesis and characterization of “smart paper” that is atomically-thin

• Approaches to bend and fold membranes in response to environment



Electron ptychography

Lateral 2D superlattices

Park, Muller, DiStasio
Science (2018)

Image resoluGon increases 3x

Park, Muller
Nature (2018)

EMPAD



Electron ptychography

Lateral 2D superlattices

Image resolution increases 3x

Park, Muller
Nature (2018)

EMPAD
now catalog product

v2 funded by TFS

Park, Muller, DiStasio
Science (2018)





Cohen,  McEuen, Muller
Nature (2020)

Microactua)ng nanomaterials

10 µm

100 µm 



> 300,000 views

“smallest walking robot”

Prof. Paul McEuen and postdoctoral associate Mark 
Miskin present a TED talk on micro-robots. Miskin is 
now a faculty member at U. Pennsylvania.  

Disseminating Research Broadly



iSuperSEED2 Supplement from NSF
Harnessing the Scanning Probe Data Revolution with Machine Learning

Kim (Phys), Davis (Phys), Weinberger (CompSci)



iSuperSEED2 Supplement from NSF
Harnessing the Scanning Probe Data Revolution with Machine Learning

Kim (Phys), Davis (Phys), Weinberger (CompSci)

Neural networks discover 
• periodic, symmetry-breaking state
• coincident nematic state
Strong-coupling theories consistent with observations

Zhang et al, Nature 570, 484 (2019)



Publications

One-component order parameter in URu2Si2 uncovered by…machine learning 
Ghosh, Matty et al., Sci. Adv. (2020)

Attention-based quantum tomography on noisy data from IBMQ
Cha et al., arXiv:2006.12469

Order parameters in 8 TB of XRD data in 15 minutes
Venderley et al., arXiv:2008.03275

Funding (Kim and Weinberger)

Collaborative Research: Understanding Subatomic-scale Quantum Matter Data Using Machine Learning Tools NSF
Data Science for Discovery in Chemical and Materials Sciences DoE
Frameworks: Enabling widespread adoption of unsupervised machine learning methods by synchrotron x-ray users NSF

Harnessing the Data Revolution (HDR): Institutes for Data-Intensive Research in Science and Engineering   
submitted Jan 2021

Products of iSuperSEED2



Educational Outreach

Nev Singhota
Director



Online Lending Library of Educational Modules

We ship to any 
teacher in the US!



• 160 schools

• 350 educators

• 9,000 students

Lending Library Use (2017-2020) 



• Observe properties of household plastics

• Make and test “silly putty” polymer

AdapRng Lending Library to Remote (Home) Learning 

• Optical spectroscopy with a cell phone



Number of researchers/month
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Activity in Shared Facilities

• Facilities opened conservatively

• Info from MRFN workshop

• Modified training methods 

Jon Shu
Associate Director




