
   
 

   
 

APS-NES 2022 Meeting Program 
 

Friday Oct. 14, 2022 
 

Joint Plenary Session    Location: DeMeritt Hall 112 

Time Speaker Topic 
1:00PM – 1:05PM Dean Gruden Welcome from UNH 
1:05PM – 1:10PM Prashant Sharma Welcome from APS-NES 
1:10PM – 1:15PM  Per Berglund Welcome from Physics Department 
1:15PM – 2:00PM Abhay Despande Spin at the EIC 
2:00PM – 2:45PM Peter Schiffer Artificial Spin Ice: A Playground for Frustration 
2:45PM – 3:15PM  COFFEE BREAK 

 

Parallel Invited Sessions 1 – Condensed Matter Location: DeMeritt Hall 112 

Time Speaker Topic 

3:15PM – 4:00PM  Andrew Kent A new spin on magnetism with applications in 
information processing 

4:00PM – 4:45PM Luqiao Liu Spin Torque Control of Magnetic Multiples in 
Topological Antiferromagnets 

 

Parallel Invited Sessions 1 – Nuclear Physics Location: DeMeritt Hall 240 

Time Speaker Topic 

3:15PM – 4:00PM Douglas Higinbothan Nuclear Physics with polarized beams and 
polarized targets at Jefferson Lab 

4:00PM – 4:45PM James Maxwell 
Probing Nuclear Structure with Polarized 
Targets at Jefferson Lab 

 

Poster and Banquet     Location: Three Chimney Inn 

5:30PM – 6:30PM  Poster Session 
6:30PM Jiadong Zang Dinner 

 

 

 



   
 

   
 

 

 

 

Saturday Oct. 15 2022 

 

Parallel Invited Sessions 2 – Condensed Matter Location: DeMeritt Hall 112 

Time Speaker Topic 
8:00AM – 8:30AM   Continental Breakfast 

8:30AM – 9:15AM Tyrel McQueen The Convergence of Quantum Materials and 
Quantum Information Science 

9:15AM –10.00AM Kemp Plumb Bond ordering and molecular orbital 
fluctuations in a cluster Mott insulator 

10:00AM – 10:30AM  Coffee break & Lab Tours 
10:30AM – 11:15AM Liang Fu TBA 

11:15AM – 12:00PM Chandrasekhar 
Ramanathan 

Spectral Diffusion of Phosphorus Donors in 
Silicon at High Magnetic Field 

12:00PM – 1:00PM  Box Lunch 
 

Parallel Invited Sessions 2 – Nuclear Physics Location: DeMeritt Hall 240 

Time Speaker Topic 
8:00AM – 8:30AM  Continental Breakfast 
8:30AM – 9:15AM Drew Weisenberger Applications of Nuclear Physics 

9:15AM – 10.00AM Thorsten Maly Instrumentation for High- and Low-
Field/High-Frequency DNP/EPR Spectroscopy 

10:00AM – 10:30AM  Coffee break & Lab Tours 

10:30AM – 11:15AM David Kawall An anomaly in an anomaly? First results from 
the muon g-2 experiment at FNAL 

11:15AM – 12:00PM Andrew Puckett Polarized 3He experiments at Jlab 
12:00PM – 1:00PM  Box Lunch 

 

 

 

 

 

 



   
 

   
 

 

 

 

Parallel Contributed Sessions 1 – Condensed Matter Location: DeMeritt Hall 251 

Time Speaker Topic 

1:00PM – 1:15PM Junghun Han Topological Thermal Hall Effect of Magnons in 
Magnetic Skyrmion Lattice 

1:15PM – 1:30PM Benjamin Zager Chiral spin texture in the anomalous Hall 
antiferromagnet CoNb3S6 

1:30PM – 1:45PM Matthew Enjalran 
Avoidance of magnetic frustration: charge and 
magnetic ordering in the triangular lattice 
Hubbard model 

1:45PM – 2:00PM Kuangyin Deng Dynamically tunable magnon-magnon coupling 
in synthetic antiferromagnets 

2:00PM – 2:15PM Qiaochu Wang Magnetic phase competition in the highly 
frustrated iridate K2IrCl6 

2:15PM – 2:30PM Xin Li Exceptional points in magnetic systems 
2:30PM  CLOSE OF CONFERENCE 

 

 

Parallel Contributed Sessions 2 – Condensed Matter Location: DeMeritt Hall 253 

Time Speaker Topic 

1:00PM – 1:15PM Tsung-Han Yang Molecular spin-orbital fluctuations in cluster 
Jeff-3/2 Mott insulator 

1:15PM – 1:30PM Brendan Sheehan A Clock Transition in Borosilicate Glass 

1:30PM – 1:45PM Ehan Williams Comparison of power spectra in diamond at 
2.5 GHz for nitrogenic defects 

1:45PM – 2:00PM Dan Liu Jammed disks of two sizes and weights in a 
narrow channel 

2:00PM – 2:15PM Michael DiScala 
Dimensionality dependent electronic structure 
in exfoliated van-der-Waals antiferromagnet 
NiPS3 

2:15PM – 2:30PM Shawna Hollen 
The many faces of 1T-TaS2: the role of 
dynamics, layer stacking, and defects in the 
electronic ground state 

2:30PM  CLOSE OF CONFERENCE 
 

 



   
 

   
 

 

 

 

Parallel Contributed Sessions 3 – Nuclear Physics  Location: DeMeritt Hall 240 

Time NP Speaker Topic 

1:00PM –1:15PM Elizabeth 
Scheuremann The Electric Polarizability of J/Psi 

1:15PM – 1:30PM David Ruth Proton Spin Structure & Polarizabilities in the 
Strong QCD Regime 

1:30PM – 1:45PM Elena Long Tensor Polarization: A New Window into 
Nuclear Structure 

1:45PM – 2:00PM Allison Zec Achieving High Deuteron Tensor Polarization 
Using Dynamic Nuclear Polarization 

2:00PM – 2:15PM Michael McClellan DNP @ UNH: Vector and Tensor Polarization 
Extraction from Line-Shape Analysis 

2:15PM – 2:30PM Hadrick Green Correlations of Prompt Fission Radiation in 
Measurements with DANCE and NEUANCE 

2:30PM  CLOSE OF CONFERENCE 
 

Parallel Contributed Sessions 4 – General Physics  Location: DeMeritt Hall 238 

Time Speaker Topic 

1:00PM –1:15PM Richard Price 

Binary Black Hole Mergers: Comparison of 
Numerical Relativity and Particle Perturbation 
Methods 

1:15PM – 1:30PM David Kraft 
Study of Kirkwood Gaps in a Planar Restricted 
Three-Body Formulation 

1:30PM – 1:45PM Hassan Elhayed 
The First Law of Thermodynamics in AdS5 in 
the Presence of Conformal Anomalies 

1:45PM – 2:00PM Brennen Black 
The large amplitude simple pendulum and 
Fourier series; an analysis for undergraduates 

2:00PM – 2:15PM Lucas Roosli 

Electrically Controlled Spectral Properties of 
Polymer-Dispersed Liquid Crystals Tailored to 
Privacy Windows Applications 

2:15PM – 2:30PM Nina Christenson 

Studying the Polarization of Protoplanetary 
Nebulae using Newly Developed Polarization 
Sensitive Imaging Sensors 

2:30PM – 2:45PM Donald Lacoy 

The Quantum Certainty Knowledge Theory: An 
Indeterminate and Determinate Theory of 
Quantum Interaction 



   
 

   
 

2:45PM – 3:00PM Jeffrey Boyd A Unifying Theory for Quantum Physics 
  



   
 

   
 

 

Artificial Spin Ice: A Playground for Frustration 

Peter Schiffer 

Yale University 

 

 

Artificial spin ice consists of arrays of interacting lithographically fabricated single-domain 
ferromagnetic elements, arranged in different geometries such that the magnetostatic 
interactions among the moments can be frustrated. We both design the lattice geometries and 
probe the individual microscopic moments, enabling us to study the accommodation of 
frustration with exquisite detail and flexibility. Because we conduct experiments on frustrated 
lattice geometries that are inaccessible in other systems, we can observe and study behavior 
such as strings of magnetic excitations and entropically induced long-range ordering. Artificial 
spin ice structures also allow studies of a range of other phenomena, including avalanche 
statistics, monopole-like charge excitations, and quadrupolar ordering, all of which can be 
probed microscopically in real space. 

  



   
 

   
 

 

A new spin on magnetism with applications in information processing 

Andrew Kent 

New York University 

 

 

Recent advances in magnetism research are likely to have an important impact on electronics 
and information processing. These advances use the electron's magnetic moment (spin) to 
transmit, write and store information. They enable new devices that operate at high speed with 
very low energy consumption. The information is stored in the orientation of electron magnetic 
moments in magnetic materials and can persist without power; energy is only needed to write 
and read the information. Important physics concepts include the interconversion of electrical 
(charge) currents into spin currents, the efficiency of the interconversion, controlling the 
currents' spin polarization direction and the associated spin torques on magnetic order. In this 
talk I will highlight the new physics concepts that have enabled these advances and discuss 
some of their applications in information processing. I plan to present my group's studies of 
current-induced switching of magnetization in magnetic tunnel junction nanopillars. This 
includes our recent experimental studies that demonstrate that the stochastic nature of the 
switching can be used to generate truly random numbers at GHz rates in devices that are very 
attractive for applications, such as for cryptography and Monte Carlo simulations [1]. I will also 
show that currents can exert torques that affect order in an insulating antiferromagnet 
&alpha;-Fe2O3 [2,3], materials that are interesting because of their even higher (THz) 
frequency spin dynamics. 
 

  



   
 

   
 

 

Spin Torque Control of Magnetic Multiples in Topological Antiferromagnets 

Luqiao Liu 

Massachusetts Institute of Technology 

 

 

Electrical manipulation of spin textures inside antiferromagnets represents a new opportunity 
for developing spintronics with superior speed and high device density. Different from 
ferromagnet where the magnetic ordering is described by a magnetic dipole moment, the 
magnetic ordering in antiferromagnet needs to be characterized by higher order magnetic 
multipole moment like quadrupoles or octupoles. It remains an interesting question how to 
realize efficient control of the magnetic multipoles through the spin torque effect, which in 
nature reflects the transfer of dipolar angular momentum. In some of the existing reports on 
antiferromagnetic switching, because of the diminishing magnetic susceptibility, the nature and 
the magnitude of current-induced magnetic dynamics remain poorly characterized, whereas 
spurious effects further complicate experimental interpretations [1].In this talk, I will discuss 
our recent experimental studies on controlling magnetic multipoles of antiferromagnets using 
spin orbit torque. First, by growing a thin film antiferromagnetic insulator, &alpha;-Fe2O3, 
along its non-basal plane orientation, we realize a configuration where an injected spin current 
can robustly rotate the quadrupole moment - the Neel vector within the tilted easy plane, with 
an efficiency comparable to that of classical ferromagnets [2]. Secondly, we also studied the 
spin torque induced magnetic dynamics in a non-collinear topological antiferromagnetic 
semimetal, where the spin orbit torque induces distinct dynamics on magnetic octupole 
moment compared with the well known magnetization dynamics in regular ferromagnets. By 
enabling efficient spin-orbit torque control on the antiferromagnetic ordering, our studies 
introduce new platforms for quantitatively understanding switching and oscillation dynamics in 
antiferromagnets. 
 

  



   
 

   
 

 

Nuclear Physics with polarized beams and polarized targets at Jefferson Lab 

Higinbotham Douglas 

Jefferson Lab 

 

 

The pioneering work of Robert Hofstadter made use of unpolarized electron scattering to 
measure cross sections, a technique that has been used to make profound incites in the nature 
of the nucleus.    Today scientist build upon that work by not only measuring cross sections but 
also measuring asymmetries using polarized beams and polarized targets.   I will give a 
summary of the polarized beam and polarized target experiments at Jefferson Lab with an 
emphasis on elastic and quasi-elastic scattering. 

 

 

  



   
 

   
 

 

Probing Nuclear Structure with Polarized Targets at Jefferson Lab 

Maxwell  James 

Jefferson Lab 

 

 

Polarized target technology underpins much of our understanding of the internal spin structure 
of the nucleon. The discovery of the spin puzzle at EMC in 1988 with a polarized solid target 
was made possible by decades of study into the polarization of materials, and the years since 
have seen intense, international effort to describe the nucleon's inner dynamics. Jefferson Lab 
has been at the forefront of this effort, probing nuclear structure on the precision frontier with 
first 4, then 6, and now 12 GeV electrons. Polarized solid and gas targets have been 
indispensable tools for leveraging spin dependence to reach new observables. In this talk, we 
will give an overview of Jefferson Lab's polarized target programs, introducing the methods for 
spin polarization, recapping their experimental use thus far, and looking forward to new 
measurements and new techniques in development. 

 

  



   
 

   
 

 

The Convergence of Quantum Materials and Quantum Information Science 

Tyrel McQueen 

Johns Hopkins University 

 

 

The last five years has seen an enormous increase in investment by national governments and 
corporations in the broad area of quantum science and technology. What are quantum 
materials and quantum information science? Why are these areas exciting and seeing 
significant investment? How do they connect to outstanding questions in all of physics, 
including not just in condensed matter but questions such as: what are dark matter and dark 
energy? I will present my perspective on these questions drawing upon a decade of 
fundamental research within the Institute for Quantum Matter and the Co-Design Center for 
Quantum Advantage (C2QA), and how I see these two previously disparate areas rapidly 
converging with potential to address long-standing questions and introduce new ones. I will 
also discuss the broader convergence with other areas of science, including materials by design 
and the materials genome initiative, and data science and the data revolution. 
 

 

  



   
 

   
 

 

Bond ordering and molecular orbital fluctuations in a cluster Mott insulator 

Kemp Plumb 

Brown University 

 

 

When spin orbit coupling is on equal footing with electronic correlations, the spatially 
anisotropic character of d-orbitals in transition metal compounds can lead to many and diverse 
quantum phases of matter. The most celebrated example is the Kitaev model for j=1/2 Kramers 
doublets on the honeycomb lattice. However, coupling of spin and orbital fluctuations can 
result in many more possibilities, including multi-polar order, spin liquids, and/or spin orbitals 
liquids. In this talk, I will discuss recent measurements on the cluster Mott insulating lacunar 
spinels, where electronic correlations, spin orbit coupling, and orbital degeneracy act in concert 
to produce several interesting magnetic and orbital phases. I will present a set of neutron and 
x-ray scattering results on one member of this family: GaTa4Se8, a material that realizes an 
orbitally active j=3/2 model on the face centered cubic lattice. I will discuss the evidence for or 
a dynamical spin-orbital state preceding a T*=50 K order-disorder spin-orbital ordering 
transition. Inelastic neutron scattering measurements reveal the dynamic nature of local 
distortions through symmetry forbidden optical phonon modes that modulate j = 3/2 molecular 
orbital occupation as well as intercluster Ta-Se bonds. The resulting staggered intercluster 
dimerization pattern doubles the unit cell, reflecting a spin-orbital valence bond ground state. I 
will discuss these results in relation to the family of Lacunar spinels. 

  



   
 

   
 

 

Spectral Diffusion of Phosphorus Donors in Silicon at High Magnetic Field 

Chandrasekhar Ramanathan 

Dartmouth College 

 

 

Donor and defect electronic spins in solids are promising platforms for quantum technologies. 
Understanding how these potential electron spin qubit candidates decohere under different 
experimental conditions is key to enabling improved materials design and to identifying optimal 
operating conditions. The donor electrons in phosphorus-doped silicon (Si:P) have some of the 
longest coherence times observed in solid-state spin systems. Natural silicon consists of 3 
isotopes - 28Si, 29Si and 30Si. While the 4.7% abundant 29Si is a spin-1/2 nucleus, 28Si and 30Si 
are spin-0 nuclei. Many-body magnetic dipolar interactions between the 29Si nuclear spins 
induce a fluctuating nuclear magnetic field at the site of the donor electron spin resulting in a 
decay of the electron spin coherence. This spectral diffusion due to the 29Si spins is the 
dominant source of spin echo decay in lightly-doped natural Si:P samples at and below 4 K in 
low magnetic fields (< 0.5 T). The elimination of the spin-1/2 29Si nuclei was seen to 
dramatically suppress spectral diffusion of the phosphorus donor electron resonance in low-
field experiments.Here, we characterize the phase memory time of phosphorus donor electron 
spins in lightly-doped natural silicon at high magnetic field (8.58 T) in the dark and under optical 
excitation. At 4.2 K, the spectral diffusion time (TSD) measured in the dark is observed to be 
about a factor of 2 smaller than that measured at low magnetic fields (0.35 T) at some 
orientations of the silicon crystal in the external magnetic field. Using a tunable laser we also 
measured the echo decay as the wavelength of the optical excitation is swept across the band 
edge from 1050 nm to 1090 nm. At low optical powers, above-bandgap excitation is seen to 
<em>increase</em> the spectral diffusion time of the donor electron spin at these crystal 
orientations, while higher power optical excitation is seen to shorten both the T1 and T2 of the 
donors significantly. Electron-nuclear double resonance experiments suggest that low power 
optical excitation modulates the hyperfine interactions in the sample. 
 

 

 

 
 

  



   
 

   
 

 
Jefferson Lab’s Detector Development for Bio-Medical Research Applications 

Drew Weisenberger 

Jefferson Lab 

 

 

Thomas Jefferson National Accelerator Facility (Jefferson Lab) is one of the Department of 
Energy’s federally funded research and development centers. Physicists from around the globe 
utilize Jefferson Lab’s unique particle accelerator, known as the Continuous Electron Beam 
Accelerator Facility, to probe the building blocks of matter at the quark-gluon scale. In addition, 
the lab capitalizes on its unique technologies and expertise to explore ways of applying nuclear 
physics principles and technologies to societal needs. The Radiation Detector and Imaging 
Group has for several years been directing advances in nuclear physics detector technology to 
applications outside of nuclear physic research. I will discuss radioisotope based molecular 
imaging modalities and elaborate on how the group has leveraged nuclear physics to bring 
advances to nuclear medicine imaging, medical research and plant biology research. Examples 
include a novel detector system developed to improve breast cancer detection, a surgical 
imaging tool to aide cancer surgery, and an imaging technology that allows researchers to 
dynamically image the products of plant photosynthesis. 
 

 
 

  



   
 

   
 

 
Instrumentation for High- and Low-Field/High-Frequency DNP/EPR Spectroscopy 

Maly Thorsten 

Bridge12 Technologies 

 

 

Dynamic Nuclear Polarization (DNP) is a technique in which the large thermal electron 
polarization is transferred to the nuclear spin reservoir by saturation of an allowed or forbidden 
Electron Paramagnetic Resonance (EPR) transition. The technique can provide a sensitivity 
boost in some cases close to the theoretical maximum of 660 (for 1H). In recent years, DNP has 
proven to be a robust method to increase signal intensities in NMR experiments in laboratories 
around the world The efficiency of the DNP process in solids or solutions depends on many 
different factors such as the strength of the magnetic field at which the experiment is 
performed, the strength of the microwave induced magnetic field (w1e), or the electron T1e 
and T2e relaxation times. Furthermore, in the case of solid-state DNP spectroscopy, the 
strength of the electron dipolar coupling in a biradical and the breadth of the EPR spectrum (D) 
are important factors to know to understand the type of DNP mechanism and to optimize its 
performance. It is therefore crucial to understand the EPR spectrum and relaxation properties 
of the polarizing agent at the same magnetic field at which the DNP experiment is performed. 
Low-field DNP spectroscopy, in particular Overhauser DNP spectroscopy is a powerful tool to 
study hydration dynamics at liquid/solid interfaces. Here, the instrumentation requirements are 
less demanding and microwave cavities with integrated RF coils are commonly employed. High-
field DNP spectroscopy, on the other hand, presents many different challenges. Due to their 
microscopic sizes, cavities are less frequently used. In addition, the maximum available 
microwave/THz power is severely limited, and many low-frequency discreet microwave 
components do not have an equivalent at high frequencies and quasi-optical methods must be 
used. In this presentation we will discuss the different hardware requirements for low-field and 
high-field EPR/DNP instrumentation, the challenges that come with picking the optimum 
field/frequency for EPR/DNP experiments, and the advantages of using quasi-optical methods 
for beam propagation and manipulation in high-frequency experiments. 

 

  



   
 

   
 

 
An anomaly in an anomaly? First results from the muon g-2 experiment at FNAL 

Kawall David  

UMass Amherst 

 

 

The Fermilab muon g-2 experiment recently released its first measurement of the positive 
muon magnetic moment anomaly, a_mu = (g_mu-2)/2 to an accuracy of 0.46 ppm. The 
anomaly a_mu is of interest since it can be predicted with impressive precision and its value is 
sensitive, via quantum corrections, to the interactions of the muon with the other particles of 
the Standard Model. Comparison of measurement results and theoretical predictions tests the 
completeness of the Standard Model, and a significant discrepancy would indicate the need for 
new physics. Details of the Fermilab experiment and its first result will be presented, along with 
a comparison with the theory and future prospects. 
 
 
 

  



   
 

   
 

 

Topological Thermal Hall Effect of Magnons in Magnetic Skyrmion Lattice 

Junghun Han 

Sungkyunkwan University 

 

 

Topological transports of fermions are governed by the Chern numbers of the energy bands 
lying below the Fermi energy. For bosons, e.g. phonons and magnons in a crystal, topological 
transport is dominated by the Chern number of the lowest energy band when the band gap is 
comparable to the thermal energy. Here, we demonstrate the presence of topological transport 
by bosonic magnons in a lattice of magnetic skyrmions - topological defects formed by a vortex-
like texture of spins. We find a distinct thermal Hall signal in the magnetic skyrmion phase of an 
insulating polar magnet GaV4Se8, identified as the topological thermal Hall effect of magnons 
governed by the Chern number of the lowest energy band of the magnons in a triangular lattice 
of magnetic skyrmions. Our findings lay a foundation for studying topological phenomena of 
other bosonic excitations through thermal Hall probe. 
 

  



   
 

   
 

 

Chiral spin texture in the anomalous Hall antiferromagnet CoNb3S6 

Benjamin Zager 

Brown University 

 

 

CoNb3S6 (CNS) is an intercalated transition metal dichalcogenide exhibiting a large anomalous 
Hall effect (AHE) that cannot be explained by the collinear magnetic order previously observed 
by neutron diffraction. Thus, complex chiral, non-collinear, or non-coplanar spin orders have all 
been proposed as explanations for the observed large AHE in CNS. Here we carry out resonant 
elastic x-ray scattering (REXS) at the Co <em>L</em>3 edge to obtain a more detailed 
description of the magnetic ordering in CNS. We determine the average in-plane spin 
orientation of the previously known <em>q</em> = (0.5 0 0) collinear order using full linear 
polarization analysis (FLPA). By comparing the results at two symmetry-related wavevectors, we 
find that the data is consistent with single-<em>q</em>, multi-domain order, rather than multi-
<em>q</em> order. We also find satellite peaks around the collinear wavevector, indicating a 
long-wavelength incommensurate uniaxial modulation of the collinear order. The modulation 
wavevector exhibits a sample dependence which is correlated with the magnetic transition 
temperature, indicating that the modulation depends on Co stoichiometry. The modulation in 
the under-intercalated samples is consistent with a spin density wave, while that in the nearly 
stoichiometric sample is consistent with a helical structure, as indicated by the circular 
dichroism of the satellite peaks. These results suggest that a long-range chiral spin texture 
provides the necessary symmetry-breaking mechanism for the large anomalous Hall effect in 
CNS. 
 

  



   
 

   
 

 

Avoidance of magnetic frustration: charge and magnetic ordering in the triangular 
lattice Hubbard model 

Matthew Enjalran 

Southern Connecticut State University 

 

 

Geometrically frustrated magnetic materials and models have attracted significantattention in 
the condensed matter community because they are apt to exhibit interestingcollective phases 
of matter. Geometric frustration arises in magnetic systems when allnearest neighbor 
antiferromagnetic interactions cannot be minimized simultaneously.A similar phenomenon is 
observed in itinerant systems, metals, because the hopping,kinetic energy, of electrons 
between nearest neighbor ions does not promote a minimizationof the repulsive electron-
electron interactions. We study the paradigmextended Hubbard model of interacting electrons 
on the geometrically frustratedtriangular lattice. We report results from mean field calculations 
for a model withan average electron filling of n = 2/3, where electrons could avoid geometric 
frustrationif they all were to occupy sites that define a honeycomb substructure of the 
parenttriangular lattice. At T = 0 K, we find that a partially ordered charge and magnetic 
phaseforms on a honeycomb substructure at a critical on-site interaction Uc/t = 5.00. We 
reportthe effects of finite nearest neighbor Coulomb repulsion, V/t, and finite temperatureon 
the properties of our model. 

 
 

  



   
 

   
 

 

Dynamically tunable magnon-magnon coupling in synthetic antiferromagnets 

Kuangyin Deng 

Boston College 

 

 

The richness in both the dispersion and energy of antiferromagnetic magnons has spurred the 
magnetism community to consider antiferromagnets for future spintronic/magnonic 
applications. However, the excitation and control of antiferromagnetic magnons remains 
challenging, especially when compared to ferromagnetic counterparts. A middle ground is 
found with synthetic antiferromagnet metamaterials, where acoustic and optical magnons exist 
at GHz frequencies. In these materials, the magnon energy spectrum can be tuned by static 
symmetry-breaking external fields or dipolar interactions hybridizing optical and acoustic 
magnon branches. Here, we theoretically predict and experimentally discover an alternative 
pathway to strong and tunable magnon-magnon interactions. We develop a phenomenological 
model for the fieldlike and dampinglike torques generated by spin pumping in noncollinear 
magnetic multilayers separated by normal-metal spacers. We show that an asymmetry in the 
fieldlike torques acting on different magnetic layers can lift the spectral degeneracies of 
acoustic and optical magnon branches and yield symmetry-breaking induced magnon-magnon 
interactions. Our work extends the phenomenology of spin pumping to noncollinear 
magnetization configurations and significantly expands ways of engineering magnon-magnon 
interactions within antiferromagnets and quantum hybrid magnonic materials. 
 

 

  



   
 

   
 

 

Magnetic phase competition in the highly frustrated iridate K2IrCl6 

Qiaochu Wang 

Brown University 

 

 

Frustrated magnetic systems have attracted significant attention recently as the possibility of 
realizing novel magnetic states such as spin liquid state [1]. K2IrCl6 is an exciting compound to 
study the ground-state selection and explore the magnetic phase diagram in a model 
antiferromagnet with face-centered-cubic frustration. In this talk, I will discuss our elastic and 
inelastic neutron scattering results which indicate the coexistence of a minority type-I phase 
with k=(100) and a previously revealed type-III phase with k=(1 &frac12; 0). This coexistence is 
also confirmed by the resonant elastic X-ray scattering measurement. Given that the type-III 
magnetic order is the dominant phase, the type-I magnetic order could be stabilized through 
local deviations from cubic symmetry, quantum order-by-disorder effect, or both [2,3]. This 
study will provide a sophisticated empirical basis for the understanding of ground-state 
selections by various mechanisms and for the possible materialization of quantum spin liquid in 
frustrated magnets. 

[1] L. Balents, Nature 464, 199 (2010) 

[2] A. Aczel et al, Phys. Rev. B 99, 134417 (2019) 

[3] R. Schick, arXiv:2206.12102 [cond-mat.str-el] (2022) 
 
 
 

  



   
 

   
 

 

Exceptional points in magnetic systems 

Xin Li 

 

 

While several works have recently addressed the emergence of exceptional points (EPs), i.e., 
spectral singularities of non-Hermitian Hamiltonians, in the dynamics of coupled magnetic 
systems, their experimental signatures remain relatively unexplored. In the vicinity of an EP, 
magnon spectral features can be drastically modified, which, in turn, can affect the the 
properties routinely probed in spintronics setups, such as, e.g., spin conductivity and spin 
diffusion length. However, the systems discussed so far display EPs only at isolated momenta, 
which are not likely to influence system's properties, such as, e.g., transport coefficients, that 
depend on integrals over a large number of momenta. In the first part of my talk I will show, by 
focusing on the driven magnetization dynamics of a van der Waals ferromagnetic bilayer, that 
EPs can appear over extended portions of the first Brillouin zone as well. Furthermore, I will 
discuss how the effective non-Hermitian magnon Hamiltonian, whose eigenvalues are purely 
real or come in complex-conjugate pairs, respects an unusual wavevector-dependent pseudo-
Hermiticity. In the second part of my talk, I will show that, in the presence of gain, EPs are 
smoking guns of dynamical phase transitions of the non-linear spin dynamics. 
 
 

  



   
 

   
 

 
Molecular spin-orbital fluctuations in cluster Jeff-3/2 Mott insulator 

Tsung-Han Yang 

Brown University 

 

 

Spin, orbit, and lattice dynamics are coupled in strong spin-orbit coupling systems. In such 
materials, a delicate balance of energy scales can achieve the novel quantum phase in 
condensed matter. Therefore, a systematic study on the role of spin-orbital coupling and 
exchange correlation is crucial for understanding the novel phases in materials. The lacunar 
spinels GaM4X8, M=(V, Nb, Ta), X=(S, Se) are a class of cluster-based Mott insulators that host 
various novel quantum phases. For M=V, a local Jahn-Teller effect quenches the orbital 
moment but is suppressed by spin-orbital coupling in M=(Nb, Ta) members. In addition, our 
inelastic neutron scattering uncovers the preceding phonon anomaly of the molecular Jeff-3/2 
singlet ground state. In this presentation, I will discuss a systematic study of the entire family of 
compounds using neutron and x-ray total scattering measurements and inelastic neutron 
scattering on lattice dynamics. This work provides insight into the interplay between spin, orbit, 
and lattice dynamics in the molecular Jeff-3/2 Mott insulators. 
 
 

  



   
 

   
 

 

A Clock Transition in Borosilicate Glass 

Brendan Sheehan 

Amherst College 

 

 

Clock transitions in molecular nanomagnets have strong potential for use as qubits because of 
their unique property of shielding spin qubits from local magnetic fluctuations to first order. 
Clock transitions in nanomagnets have been shown to substantially enhance coherences times 
(<em>T</em>2)1,2 by protecting the nanomagnets from spin-bath decoherence. Borosilicate 
glass, a common form of SiO2 glass enriched with B2O3, shows particular promise as a clock 
transition-based qubit, with coherence times up to 5 &mu;s at the clock transition. By 
employing the CPMG pulse sequence, the coherence time can be extended up to 25 &mu;s at 
the clock transition. Using our homebuilt electron spin resonance (ESR) spectrometer, we 
characterize the clock transition in borosilicate glass and other chemically and 
stoichiometrically similar materials, including Corning Vycor glass (a borosilicate glass with a 
lower concentration of B2O3), while ruling out the presence of a clock transition in pure B2O3 
and in fused silica. A comparison of the spin dynamics of these materials provides insight into 
the physics underlying the observed clock transition.1M. Shiddiq, et. al., Nature 531, 348-351 
(2016).2C. Collett, et. al., Magnetochemistry 5, 1 (2019).*Work supported by RCSA Cottrell 
SEED Award #27849. 
 

  



   
 

   
 

 

Comparison of power spectra in diamond at 2.5 GHz for nitrogenic defects 

Ehan Williams 

Dartmouth College 

 

 

For optimal quantum control of point defects in diamond it is important to have a thorough 
understanding of the noise power spectrum of the defects' environment as this is what 
determines the coherence times of the spins in quantum information applications. Using a 2.5 
GHz pulse electron paramagnetic resonance (pEPR) spectrometer, we examine the properties 
of the power spectrum in diamond as seen by both the nitrogen-vacancy (NV) center as well as 
the substitutional nitrogen (P1) center. We perform multi-pulse dynamical decoupling 
experiments on bulk diamond samples with varying nitrogen concentration. We examine the 
noise power spectrum for resonant transitions occurring around three main external magnetic 
field strengths. Near 13 mT and 190 mT we use the NV center as the probe of the environment, 
and near 89 mT we use the P1 center. We compare the interactions of defect electrons with 
like and unlike electrons and carbon-13 nuclei and quantify how these interactions affect 
coherence times. 

  



   
 

   
 

 

Jammed disks of two sizes and weights in a narrow channel 

Dan Liu 

University of Hartford 

 

 

Jammed disk models are often studied for the properties of granular materials. Here we 
introduce our approach to the models of jammed disks of two sizes and weights in a long 
narrow channel. The channel is closed off by pistons that freeze jammed microstates out of 
loose disk configurations subject to moderate pressure, gravity, and random agitations. Disk 
sizes and channel width are such that under jamming no disk remains loose and all disks touch 
one wall. We focus on the scenarios where the two types of disks are in alternating sequences 
and present the analytical results for the characterization of jammed macrostates including 
volume and entropy. 

 

  



   
 

   
 

 

Dimensionality dependent electronic structure in exfoliated van-der-Waals 
antiferromagnet NiPS3 

Michael DiScala 

 

 

Exfoliable magnetic van-der-Waals (vdW) materials present a remarkable opportunity to 
explore fundamental theorems of magnetism in 2D [1]. Of particular interest is NiPS3, an 
exfoliable material exhibiting both magnetic order and strong correlations [2], ordering 
antiferromagnetically at TN=155 K. Interestingly, recent Raman measurements find evidence 
that vanishing long-range magnetic order in monolayer NiPS3 [3] is characteristic of a 2D XY 
model. In this talk, I will present the results of our Resonant Inelastic X-ray Scattering (RIXS) 
experiment on exfoliated NiPS3, which revealed a thickness reliant electronic structure, 
systematic dependence of charge transfer (CT) energy scales, and increasing CT gaps and 
hybridization for exfoliated flakes approaching the 2D limit. Given the continued interest in 
exfoliable vdW materials, it is crucial to understand how local electronic structures change with 
decreased dimensionality, as can only be done using RIXS. These results will provide a detailed 
picture of how thickness influences the electronic structure in vdW materials and lay the 
groundwork to expand resonant x-ray techniques to the 2D limit. [1] Kenneth S. Burch et al. 
Nature 563, 47-52 (2018)[2] Chen-Tai Kuo et al. Scientific Reports 6, 20904 (2016)[3] K. Kim et 
al. Nature Communications 10, 1038 (2019) 
 

  



   
 

   
 

 
The many faces of 1T-TaS2: the role of dynamics, layer stacking, and defects in the 

electronic ground state 

Shawna Hollen 

University of New Hampshire 

 

1T-TaS2 is a structurally metastable phase of TaS2 with a rich phase diagram including a series 
of charge density wave transitions starting well above room temperature. The ground state has 
long been claimed to be a Mott insulator with potential to exhibit quantum spin liquid behavior 
because of its triangular lattice of localized spins from the commensurate charge density wave 
that forms below 180 K. Controversy persists in this system because of inconsistencies in 
experimental results and theoretical predictions. We present a large survey of 1T-TaS2 crystals 
in which we find that the majority of samples grown in the standard way (chemical vapor 
transport) show topography that has a high density of defects that strongly affect the local 
electronic states. We were unable to detect consistent differences between samples that were 
quench-cooled versus slow-cooled through their nearly-commensurate to commensurate 
charge density wave transition, in contrast to transport experiments that found metallic 
behavior upon quench cooling and predictions about CDW stacking dynamics. However, quench 
cooling through the incommensurate to nearly-commensurate charge density wave transition 
at 350 K yielded a completely different ground state, with the incommensurate CDW locked in 
down to 10 K. 
 

  



   
 

   
 

 

The electric polarizability of J/Psi 

Elizabeth Scheuremann   

University of Connecticut 

 

 

The response of a neutral atom emersed in an external electric field is described in terms of the 
electric polarizability. The hydrogen atom is an exception in that the electric polarizability can 
be computed exactly but in the general case it is not possible to find an exact analytical 
solution. However, it is possible to formulate rigorous lower and upper bounds for atomic 
systems which can help narrow down the exact solution. In this presentation the method is 
reviewed and applied to a hadronic system, namely to the computation of the electric 
polarizability of J/Psi which is experimentally not known. 
 

  



   
 

   
 

 

Proton Spin Structure & Polarizabilities in the Strong QCD Regime 

David Ruth 

University of New Hampshire 

 

The proton's spin structure is still not well understood, especially inthe low Q2 regime where 
the correlation between quarks becomessignificant. This talk will present the results of the 
Jefferson Lab E08-027 (g2p)experiment, the first ever measurement of the proton's g2 
structurefunction in the low Q2, strong QCD regime. This talk will also discussthe experimental 
and analysis process of the experiment, and presentseveral Polarizabilities derived from the 
measured structure functionswhich are directly compared to calculations of Chiral Perturbation 
Theoryand serve as a benchmark for future low Q2 effective theories of QCD. 
 

  



   
 

   
 

 

Tensor Polarization: A New Window into Nuclear Structure 

Elena Long 

University of New Hampshire 

 

Whenever technological advancements provide access to a new degree of freedom, previously 
inaccessible quantities can be measured. Currently, we are seeing the beginning of a 
renaissance of experiments utilizing a tensor polarized target to probe the structure of the 
deuteron. This is due to two recent developments: the JLab 12 GeV upgrade, and a high-
luminosity, high-tensor-polarized target. Experiments utilizing these new capabilities can 
explore aspects of the nature of matter that have so far proven elusive, some for decades: from 
6-quark hidden-color effects in the DIS region to the short-range and high-momentum 
components of the deuteron wavefunction in the <em>x</em>>1 SRC region, and beyond. This 
presentation will discuss the first two experiments already approved to measure the tensor 
<em>b</em>1 and <em>Azz</em> observables, recent advances in tensor target development, 
and future opportunities to better understand nuclear and nucleon structures that are only 
accessible through experiments utilizing tensor polarized targets. 
 

 

  



   
 

   
 

 

Zec Allison 

University of New Hampshire 

 

Dynamic nuclear polarization (DNP) is technique used to enhance the nuclear spin polarization 
of materials. DNP works by using microwaves to continuously drive spin transitions in a material 
that is doped with free radicals, and placed inside a 1 K environment in a high magnetic field. 
Once enhanced, the nuclear polarization can be determined by analyzing the lineshape of the 
NMR absorption spectrum. This talk will describe the DNP system used at the University of New 
Hampshire, and explain novel techniques in inducing high tensor polarization in deuterium. 

 

  



   
 

   
 

 

DNP @ UNH: Vector and Tensor Polarization Extraction from Line-Shape Analysis 

Michael McClellan 

University of New Hampshire 

 

The Solid Polarized Target group at UNH is developing a dynamically polarized target for use in 
measuring spin-structure and tensor spin observables including Azz, T20 and b1. These 
measurements can help distinguish between virtual nucleon and light cone nucleon-nucleon 
potentials; between 'hard' and 'soft' deuteron wave functions; and may provide an 
unambiguous signal for the detection of hidden color. Our lab has been successful dynamically 
polarizing deuterated targets such as chemically doped polymers and alcohols. Our next goal is 
to enhance tensor polarization to ~35%, including in deuterated ammonia. 
 

  



   
 

   
 

 

Correlations of Prompt Fission Radiation in Measurements with DANCE and 
NEUANCE 

Hadrick Green 

 

 

The field of nuclear physics is a vast discipline, with many discoveries made, and many more 
opportunities for research and development. In particular, the field of nuclear data evaluation 
is ripe with challenging topics to tackle. Nuclear data libraries such as ENDF, ENDL, JENDL are 
constantly being updated and improved upon as research groups around the world collect and 
evaluate nuclear data. Despite the large effort, many of these libraries are still lacking 
information, and are often limited to basic quantities for only the most common isotopes. In 
the field of fission, a notable contributor to this issue is the lack of detector systems able to 
measure such complex quantities with adequate precision and efficiency. The Detector for 
Advanced Neutron Capture Experiments (DANCE) is a 4&pi; detector array that consists of up to 
160 BaF2 scintillation detectors; its design allows for high efficiency detection of prompt 
gamma rays following a neutron capture. The most recent release of Monte Carlo N-Particle 
code (MCNP) implements fission event generators Cascading Gamma-ray Multiplicity code for 
Fission (CGMF) and Fission Reaction Event Yield Algorithm (FREYA) that can be paired with 
existing MCNP tools, such as PTRAC, to simulate and analyze fission events on an event-by-
event basis. With the successful creation of a model of DANCE in MCNP, the following work will 
present initial analysis of fission simulations ran in MCNP using CGMF and PTRAC in the DANCE 
array. 
 
 
 

  



   
 

   
 

 

Binary Black Hole Mergers: Comparison of Numerical Relativity and Particle 
Perturbation Methods 

Richard Price 

Massachusetts Institute of Technology 

 

 

Since the early 1970s much has been learned about black hole physicsfrom particle 
perturbation (PP) work, in which a black hole isperturbed by a 'particle.' This approach is 
particularly well suitedto extreme mass ratio inspirals (EMRIs) in which the 'particle' is ablack 
hole of small mass. Numerical relativity (NR) now gives usanswers about interactions of 
comparable mass black holes. Thecomparison of PP and NR results, in principle, provides a 
mechanismfor studying some of the nonlinear effects when black holes interact.Issues in the 
comparison, and important differences will be discussed. 
 
 

  



   
 

   
 

 

Study of Kirkwood Gaps in a Planar Restricted Three-Body Formulation 

David Kraft 

University of Bridgeport 

 

 

It was discovered by Kirkwood [1] that the distribution of asteroid orbital frequencies contains 
gaps for orbits whose period is commensurate with that of Jupiter and a resonance 
phenomenon owing to the presence of that body has been invoked as a mechanism to account 
for the absence of asteroids in these gaps [2]. 
In an extension of previous work [3], we solve the coupled differential equations of motion of 
Jupiter and an asteroid test body under assumptions of a stationary Sun, circular orbits for 
Jupiter and a test body of negligible mass placed initially in a forbidden orbit.  Deviations from 
the forbidden orbits were studied and in one case a periodic return to the starting orbit was 
observed. This periodicity suggests confirmation of the presence of a resonance mechanism. 
 
* Now at Chalmers University of Technology, Gothenburg, Sweden. 
1.  Daniel Kirkwood, Proceedings of the American Association for the Advancement of Science, 
pp.8-14 (1866). 
2.  See, for example, M. K. Ammar, Astrophys Space Sci 312, 17-22 (2007). 
3.  David W. Kraft, Bull. Am. Phys. Soc. 33, 64 (1988). 

 

  



   
 

   
 

 

The First Law of Thermodynamics in AdS5 in the Pres- ence of Conformal 
Anomalies 

Hassan Elhayed 

University of Connecticut 

 

In this talk I will present the results that we recently reported in arXiv:2209.09031 (cur- rently 
under review by JHEP). In this research we proposed a solution to a long-standing problem with 
the compatibility of the counterterms subtraction method with the first law and generalized 
Smarr’s formula in extended phase-space. We used the counterterms sub- traction method to 
calculate various thermodynamical quantities for charged rotating black holes in five-
dimensional minimal gauged supergravity. Specifically, we analyzed certain issues related to the 
first law and Smarr’s relation in the presence of a conformal anomaly. Among the bulk 
quantities calculated are the on-shell action, total mass, and angular mo- menta of the solution. 
All these quantities are consistent with previous calculations made using other methods. For 
the boundary theory, we calculate the renormalized stress tensor, conformal anomaly, and 
Casimir energy. Using the Papadimitriou-Skenderis analysis [2], we showed that the mass 
calculated via the counterterms method satisfies the first law of black hole thermodynamics. To 
discuss extended thermodynamics, we extended the definition of the thermodynamic volume 
to cases with conformal anomalies using a procedure similar to that of Papadimitriou-
Skenderis. We showed that this volume correctly accounts for extra terms due to boundary 
metric variation. This shows that the mass and volume calculated using counterterms satisfy 
Smarr’s relation as well as the first law. 
 
 

  



   
 

   
 

 

The large amplitude simple pendulum and Fourier series; an analysis for 
undergraduates 

Brennen Black 

Massachusetts Institute of Technology 

 

 

A pedagogical and theoretical study of the behavior of a simple pendulum is presented. Fourier 
series and perturbation analysis at levels appropriate for undergraduate physics students are 
used to accurately derive the motion of a pendulum. Instead of using the elliptic integral of the 
first kind, appropriate higher order terms of the Taylor-expanded differential equation are 
considered, leading to increasingly accurate corrections to the period. It is found that the 
relation between the order parameter and the initial conditions is not fixed, allowing many 
solutions to the motion in terms of the order parameter but a unique solution in terms of the 
initial conditions. The error in the presented corrections is compared to published 
approximations. 
 
 
 

  



   
 

   
 

 

Electrically Controlled Spectral Properties of Polymer-Dispersed Liquid Crystals 
Tailored to Privacy Windows Applications 

Lucas Roosli 

Central Connecticut State University 

 

 

Polymer-Dispersed Liquid Crystals (PDLC) respond to electric fields, which allows for switching 
between opaque and transparent states of the PDLC film. As a rule, the reported electro-optical 
properties of polymer-dispersed liquid crystals were obtained using a monochromatic light 
source (typically, a laser). From perspectives of privacy windows applications, it is important to 
study the dependence of basic parameters (contrast ratio, transmittance, and the switching 
curves) on the wavelength of light. This paper reports electrically controlled spectral properties 
of PDLC films. The experimental results obtained can be used to improve the performance of 
privacy windows made of polymer-dispersed liquid crystals. 
 
 

  



   
 

   
 

Studying the Polarization of Protoplanetary Nebulae using Newly Developed 
Polarization Sensitive Imaging Sensors 

Nina Christenson 

Wheaton College 

 

 

The goal of this project was to test a new camera equipped with the Sony IMX250 polarization 
sensor in order to image astronomical objects. When searching for candidates, we looked for 
objects that were optically bright and exhibited a high degree of linear polarization. Before 
imaging, we carried out experiments to determine the linearity of the sensor and the 
polarization orientation of the pixels, as well as to quantify the offset and gain scales. After 
these initial experiments, the camera was mounted to the Meade LX600 12-inch telescope and 
used to image the Egg Nebula (CRL 2688) and the Footprint Nebula (M1-92). Initial results from 
these imaging sessions will be presented. A strongly polarized background that is present in the 
Footprint Nebula images (and not in the Egg Nebula images) will be explored. Future steps for 
the project include investigating the impact of environmental factors on astronomical imaging, 
as well as extending our candidate pool to include optically bright, linearly polarized quasars. 
 

  



   
 

   
 

The Quantum Certainty Knowledge Theory: An Indeterminate and Determinate 
Theory of Quantum Interaction 

Donald LaCoy 

Worcester Polytechnic Institute 

 

 

The Quantum Certainty Knowledge theory presents a measurement solution focused on 
quantum interaction for an analyzer and an Alice and Bob experiment combining the 
determinacy of the Many Worlds Interpretation (MWI) with the indeterminacy of quantum 
entanglement/ superposition (QES). It focuses on Quantum Interaction States (QISs) which 
define how the quantum collapses into outcomes. The prevailing theories are either 
determinate or indeterminate and have focused on the observable classical outcomes, likely 
because that is all a classical physicist can observe. The Quantum Certainty Knowledge theory 
combines determinacy and indeterminacy into one solution while focusing on the QISs whose 
information collapses into the classical outcomes. Determinate, indeterminate, and null QISs 
exist for an analyzer and an Alice and Bob experiment. This thought experiment explains what is 
being measured and how the QIS information collapses into the historical outcomes. The 
Quantum Certainty Knowledge Theory explains the observations seen in the MWI, QES, and 
most quantum conundrums. 
 
 

 
 

  



   
 

   
 

A Unifying Theory for Quantum Physics 

Jeffrey Boyd 

Retired 

 

 

The quantum world is allegedly strange. But is it? What if there's a simple mathematical 
explanation, and a simple solution? The success of quantum mechanics (QM) arises from the 
accuracy of its probability predictions, which are obtained by squaring amplitudes (the Born 
rule). Suppose for a moment that nature uses the negative of QM's equations. When squared 
they would yield the same probabilities, confirmed by the same experiments and technological 
triumphs. If that were true, if nature uses the negative of QM's equations, then the quantum 
world would become transparent, easy to understand. No more Schrodinger's-cat. No 
quantum-eraser. No backwards-in-time cause-and-effect. No paradoxes nor enigmas. But, 
what's a negative quantum equation? It could mean that particles follow zero-energy waves 
backwards, instead of forwards. That's still an eccentric idea. Overall, it's a bargain. We could 
swap one odd idea for another, because wave-particle duality is odd. We are accustomed to 
wave-particle duality. But we'll show that experiments support the other arrangement: 
quantum particles follow zero-energy waves backwards. How could that possibly be true? We 
have experimental evidence, and new mathematics. 
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Analytic Evolution of Parton Distribution Functions 

Matthew Markovych 

University of Connecticut 

 

 

We apply an analytic method to describe the evolution of parton distribution functions (PDF). 
Previously, it was shown that this method successfully describes the evolution of singular 
distribution amplitudes in the DGLAP region. We illustrate the method by applying it to a PDF in 
the form of $(1-x)^3$. Our approach has advantages over the widely used numerical and 
analytic methods which mostly require great computational power and computational time. It 
is observed in our method, that calculation of one or two iterations is enough to describe the 
evolution of PDFs. 
 
 
 

  



   
 

   
 

 

Physics Teacher Preparation Program at Worcester Polytechnic Institute 

Doug Petkie 

Worcester Polytechnic Institute 

 

 

The Physics Teacher Preparation Program at Worcester Polytechnic Institute (WPI) is a 
collaboration between the STEM Education Center and the Physics Department that leverages 
WPI Project Based Learning (PBL) curriculum and significant Physics Teacher Education Coalition 
(PhysTEC) resources. As a PhysTEC supported site, WPI has been able to implement several key 
components identified as effective practices at other PhysTEC sites, such as a Teacher-in-
Residence to serve as a role model, a Peer Learning Assistant program that includes pedagogical 
training, a regional physics teacher network, and utilization of the Get the Facts Out resources 
to promote teaching careers. In addition to generating interest in high school physics teaching 
careers, an interest in Physics Education Research has also emerged. We will present an 
overview of our program and that allows students to complete an Initial Teaching Licensure 
with the BS Physics major at WPI. 
 
 
 

  



   
 

   
 

 

Study of Electric Donors and Electric Acceptors in Photoactive Layers Using 
Computational Simulations 

Richard Kyung 

CRG-NJ 

 

 

Computational simulations of molecules used in active layers in photovoltaic cells have shown 
substantial promise in the design of those cells. Despite their potential, the practical 
applications of molecular dynamics and its simulations are limited due to considerable cost and 
their low performance in efficiency and accuracy.In this paper, electron donors and acceptors in 
photoactive layers are modeled and studied using computational simulations. In this paper, 
open-source molecular editing programs with an auto-optimization feature that can calculate 
the theoretical values of a molecule's physicochemical properties are used to model the nano-
scaled compounds. The tools allow users to build virtually any molecule and optimize its 
geometry according to various force field options. 

 

 

  



   
 

   
 

 

rGO/NiFe2O4 and NiFe2O4 Based Electrodes for Supercapacitors 

Vanya Jain 

Central Connecticut State University 

 

 

As the movement toward sustainability has ensued, supercapacitors have been at the forefront 
concerning physical charge storage. Supercapacitors have a higher power, energy density, and 
longer life as compared to regular capacitors. This paper synthesized and characterized 
NiFe2O4 and rGO/NiFe2O4 under Prof. Peter Lemaire and Dr. Rahul Singhal. NiFe2O4 was 
synthesized via the co-precipitation method using Iron (II) chloride, Nickel (II) chloride, and 
sodium hydroxide as precursor materials. The rGO/NiFe2O4 was synthesized in a similar fashion 
except for adding reduced graphene oxide to the solution. The thermal characterization of the 
synthesized materials was carried out using differential scanning calorimetry (DSC) and 
thermogravimetric analysis (TGA). The slurry of the synthesized materials was prepared by 
mixing synthesized materials, carbon black, and PVDF binder in a ratio of 80:10:10, using N-
methyl pyrrolidone as a solvent. The slurry was then coated onto precleaned Ni mesh and dried 
overnight. The electrochemical characterization was carried out in 1M Na2SO4 solution using a 
fabricated electrode, platinum wire, and Ag/AgCl electrode as working, counter, and reference 
electrodes. The physical and electrochemical results will be presented in detail at the 
conference. 
 
 
 

  



   
 

   
 

 

Topological Hall effect in topologically trivial target skyrmions 

Tan Dao 

University of New Hampshire 

 

 

Electrons moving through a noncoplanar magnetic order acquire a Berry phase effect akin to an 
effective magnetic field. This effect is also known as the topological Hall effect and has been 
observed in topological spin texture. Here starting from a classical picture, we showed that a 
target skyrmion, whose topological charge is zero, has a non-zero transverse current. We then 
evaluated the Hall angle using the Landauer-Buttiker formalism for various target skyrmion 
radii. We found non-monotonic Hall angles dependent on the Fermi energy and target 
skyrmion's radius. Finally, we show the results still respect the adiabatic approximation. It 
indicates the effect comes from the real-space topology of the spin texture. 

 

 

  



   
 

   
 

 

The Quantum Certainty Knowledge Theory: An Indeterminate and Determinate 
Theory of Quantum Interaction 

Donald LaCoy 

Worcester Polytechnic Institute 

 

 

The Quantum Certainty Knowledge theory presents a measurement solution focused on 
quantum interaction for an analyzer and an Alice and Bob experiment combining the 
determinacy of the Many Worlds Interpretation (MWI) with the indeterminacy of quantum 
entanglement/ superposition (QES). It focuses on Quantum Interaction States (QISs) which 
define how the quantum collapses into outcomes. The prevailing theories are either 
determinate or indeterminate and have focused on the observable classical outcomes, likely 
because that is all a classical physicist can observe. The Quantum Certainty Knowledge theory 
combines determinacy and indeterminacy into one solution while focusing on the QISs whose 
information collapses into the classical outcomes. Determinate, indeterminate, and null QISs 
exist for an analyzer and an Alice and Bob experiment. This thought experiment explains what is 
being measured and how the QIS information collapses into the historical outcomes. The 
Quantum Certainty Knowledge Theory explains the observations seen in the MWI, QES, and 
most quantum conundrums. 
 
 
 

  



   
 

   
 

 

Photon or the Superstring 

Gh. Saleh 

Saleh Research Centre 

 

 

Given that the genetrix of photon is the electron and the photons emit from the electrons and 
continue on their trajectory, in fact, the trajectory of each photon depends on the type of 
motion of the electron in which is transferred to photon. Electrons usually have two main 
motions; the first one is around the nucleus and the other one is around themselves. On the 
other hand, the photon also has a rotational motion around itself. When a photon emits from 
an electron, its motion is the resultant of these three types of motions. Photon obtains its 
wavelength from the motion of electron around the nucleus. The combination of the rotational 
motion of electron around itself and the rotational motion of photon around itself creates a 
zigzag-like motion in a closed ring, which can be called the internal motion of the photon. As a 
result, the motion of photon when leaving the electron can be divided into three motions:I. 
Rotational Motion around Itself (with 1 degree of freedom)II. Zigzag or Internal Motion (with 5 
degrees of freedom) III. External Motion of the Photon (with 5 degrees of freedom).In this 
paper we are going to explain that in total, each photon can have a motion with 1+5+5 degrees 
of freedom, which in fact can be said that the photon is the super string as we mean. 

 

  



   
 

   
 

 

Discovering the True Nature of neutrinos 

Gh. Saleh 

Saleh Research Centre 

 

 

Based on Saleh Theory the photon is the basis of the universe and every structure is made up of 
photons. The nature of gravitational waves and neutrinos also is the photon and their structure 
is based on the motion of photons. The high power of gravitational waves and neutrinos is due 
to their continuous and intertwined structure, which creates its high penetrating power and 
effectiveness. On the other hand, due to the fact that its frequency is too high and its 
wavelength is too short, its penetrating power is multiplied.It should be noted that in visible 
spectrum and lower frequencies, due to absence of intertwined structure, photons act as single 
particles and their effects are minor and weaker. But in gravitational waves and neutrinos, duo 
to the continuous and intertwined structure, their effect multiplies hundreds of times, which 
the higher penetration and effect than other waves can be imagined.In this paper, by explaining 
the nature of gravitational waves and neutrinos and comparing their features with each other, 
we will show that Neutrino is the same as gravity and gravity is the same as neutrino. 

 

 

 

 

 

  



   
 

   
 

 

MagNet: machine learning enhanced three-dimensional magnetic reconstruction 

Yibo Zhang 

University of New Hampshire 

 

Three-dimensional (3D) magnetic reconstruction is vital to the study of novel magnetic 
materials for 3D spintronics. Vector field electron tomography (VFET) is an important tool to 
achieve that, but it is challenging due to the missing wedge problem. Conventional analytical 
algorithms are no longer applicable. On the other hand, model based iterative algorithms 
require prior knowledge and are expensive in run-time to give satisfactory reconstruction 
results for each individual sample. In this article, we demonstrate a data-driven U-shaped 
neural network enhanced VFET algorithm that can give improved reconstructed magnetic 
induction fields with missing wedge data. 
 
 
 

 
 
 

  



   
 

   
 

 

Target Insert Design for Dynamic Nuclear Polarization 

Zoe Wolters 

University of New Hampshire 

 

The UNH Nuclear Physics Group (NPG) operates a dynamic nuclear polarization (DNP) lab in 
order to prepare samples with a high degree of nuclear spin orientation to be used in electron 
scattering experiments at Jefferson Lab. The current insert is optimized for spin-1 nuclei and 
allows for monitoring of material polarization via NMR techniques, and enhancement of tensor 
polarization via RF techniques. However, it has been difficult achieving vacuum among other 
issues, so we are designing a new target insert with improved vacuum seals, more uniform RF 
coils and with EPR capabilities to monitor dopant characteristics. When this insert has been 
constructed, I plan to create further designs for spin-1/2 materials and with further 
specialization in EPR and RF circuits, respectively. 

  



   
 

   
 

 

Topological spin textures in chiral magnets: from 2D to 3D 

Jiadong Zang 

University of New Hampshire 

 

 

Recent years witnessed the emergence of topological spin textures in novel magnetic materials. 
In two-dimensions (2D) magnetic skyrmions are present in magnetic materials with broken 
inversion symmetry. Its generalization into three-dimensions (3D) is an exciting frontier. In this 
poster, we will demonstrate our recent advances in realizing topological spin textures in 3D. 
Their structures, dynamics, and transports will be discussed 

  



   
 

   
 

 

Study of Thermal Stress and Heat Conduction in Rails Using Numerical and 
Computational Analysis 

Kyubin Moon 

CRG-NJ 

 

 

Thermal expansion and contraction cause longitudinal stress in rails that are restricted in their 
longitudinal movement or confined at the ends. And this causes a potential buckle or kink due 
to either compression or tension forces in the rails. In this paper, considering the linear 
expansion of a free section of rail subjected to a temperature change, the magnitude of the 
thermal forces and heat conductions generated in rails were studied. During a number of 
calculations, the fact that the normal force exerted on the railroad decreases as the rail 
temperature increases were discovered. Also, the change of railroad length at a certain 
temperature decreases as the rail temperature increases, and the change of railroad length also 
decreases as the initial railroad length decreases. Lastly, the pressure exerted on a section with 
smaller width is bigger than that on a section with a bigger width. Thus, by using the seasonal 
temperature of a certain region and the weight of a certain train in these calculations, one 
could speculate the appropriate width of the rail. 
 

  



   
 

   
 

 

Preliminary Testing of PHX050S-PC Polarization Camera for Future Use in 
Measuring Polarization Structure of the Solar Corona 

Celeste Berenbaum 

 

 

The Physics Teacher Preparation Program at Worcester Polytechnic Institute (WPI) is a 
collaboration between the STEM Education Center and the Physics Department that leverages 
WPI Project Based Learning (PBL) curriculum and significant Physics Teacher Education Coalition 
(PhysTEC) resources. As a PhysTEC supported site, WPI has been able to implement several key 
components identified as effective practices at other PhysTEC sites, such as a Teacher-in-
Residence to serve as a role model, a Peer Learning Assistant program that includes pedagogical 
training, a regional physics teacher network, and utilization of the Get the Facts Out resources 
to promote teaching careers. In addition to generating interest in high school physics teaching 
careers, an interest in Physics Education Research has also emerged. We will present an 
overview of our program and that allows students to complete an Initial Teaching Licensure 
with the BS Physics major at WPI. 
 
 


