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Ultracold: Ultracold atoms have revolutionized how some key questions in physics and chemistry are being addressed by providing a platform to study longstanding
problems that are difficult, if not impossible to study otherwise. We are interested in exploiting these degenerate ensembles of gases (see for example, Fig. 5) to study

fundamental questions related to the time-scale for tunneling.



From atoms to mechanisms:

with a little help from Al and Stat Phys
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Complex problems in We develop & apply new
chemical and biophysics simulation methods
Tiwary research group, University of Maryland Q@s\f-a_' e
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Ribeiro, Bravo, Wang, Tiwary J. Chem. Phys. 2018 Tsai, Smith, Tiwary J. Chem. Phys. 2019
Wang, Ribeiro, Tiwary Nature Comm. 2019 Ravindra, Smith, Tiwary Mol. Sys. Des. Engg. 2020

Smith, Ravindra, Wang, Cooley, Tiwary J. Phys. Chem. B 2020 Tsai, Kuo, Tiwary Nature Comm. 2020



Biological Active Matter. Statistical Mechanics. Protein Physics.

Molecular Modeling of the Cell Chromatin Garegin Papoian

Molecular
Dynamics

JACS

JOURNAL OF THE AMERICAN CHIMICAL SOCIETY

Coarse-Grained
Modeling
of Biomolecules

Edited by
Garegin A. Papoian

Coarse-
Graining

CRC Press

Ty & Fruss o

ACS Publications v ek ol

PNAS 2019 DOI: 10.1073/pnas.1911880116; Interface Focus 2019 10.1098/rsfs.2018.0078; “Coarse-Grained Modeling of Biomolecules, Publisher CRC Press, edited by G. A. Papoian




Organic Color-Center Quantum Defects

« What happens when organic chemistry meets quantum physics?

* How does an exciton—electron-hole pair—in an atomic defect trap
respond to local chemical perturbation?

« What if chemical information can be gathered, transformed, and
transmitted at the Heisenberg limit of sensitivity and precision?

Recent papers on the subject

“Selective filling of n-hexane in a tight nanopore”

“Single Particle Imaging in Live Brain Slices at Ultra-Low Excitation Doses”
“Probing Trions at Chemically Tailored Trapping Defects”

“Single-defect spectroscopy in the shortwave infrared”

“organic colour-centre quantum defects” — a review

E=mc”"2 & beyond

addressing fundamental challenges

in Energy, biomedical, and quantum
technologies

through Materials Chemistry of Carbon
and beyond

Interested? Please contact:
Prof. YuHuang Wang (yhw@umd.edu)
http://www2.chem.umd.edu/groups/wang/



https://www.nature.com/articles/s41467-020-20587-1
https://www.nature.com/articles/s41598-020-62201-w
https://pubs.acs.org/doi/10.1021/acscentsci.9b00707
https://www.nature.com/articles/s41467-019-10788-8#:%7E:text=To%20perform%20single%2Ddefect%20spectroscopy,2a).&text=Additionally%2C%20we%20have%20developed%20a,works%20in%20the%20shortwave%20IR.
https://www.nature.com/articles/s41570-019-0103-5
mailto:yhw@umd.edu
http://www2.chem.umd.edu/groups/wang/

Mechanobiology of the immune response and gene regulation

Immune receptor dynamics Arpita Upadhyaya Cellular Force generation
Regulation of T & B cell signaling arpitau@umd.edu , -

2 https://arpitalab.github.io/
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Mobile Immobile

Biophys J. 2014, Nature Comm., 2020 Mol. Biol. Cell 2015, PNAS, 2018
Mechanical regulation of How do cells sense and respond
Gene expression to physical cues? Cytoskeletal dynamics and

Imaging of transcription factor regulation of T cell function:

dynamics in live cell nuclei * Stiffness signaling, cytotoxity
AR « Topography ’
* Mobility
Techniques:

Single molecule imaging
Traction force microscopy
Super-resolution microscopy

Molecular Cell, 2019, 2021 Computational image analysis .
Nucleic Acids Research, 2021 Mol. Biol. Cell 2018
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Laboratory Astrochemistry at UMD .25 - oer

Twitter: @Dodson_Group

lon/molecule reactions at low temperatures

Preparation/cooling/control of atomic metal ions
Preparation/cooling of neutral molecules
- - STy Simulation of C-H

Detector Quadrupole

T T T stretch overtone \ s Defiectars
—10K band of HCN ) 2
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N % %2 " 9 lon Source
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Frequency (cm™)
Quadrupole Detector Quadrupole
Weakly-bound complexes stabilized in matrices Mass Filter lon Trap

Matrix-isolation spectroscopy

D lon/molecule radiative association reaction kinetics and
Matrix isolated sample

dynamics
Infrared . State-dependent reactivities
detection -
0y o° T80 6 00 2 Elemental metal abundances in astrophysical objects

®,
st

D Detection and structural characterization of transient

intermediates to explore reaction potential energy surfaces
|

Exotic reactions of hydrocarbon radicals in planetary
atmospheres/interstellar objects




scatter, rel. units

Sergei Sukharev Laboratory: membrane mechanisms
of mechanosensation and osmoregulation
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The laboratory utilizes electrophysiology, structural biology, modeling, simulations as well as in-vivo cell physiology to
understand the biophysics of two classes of mechanosensitive channels and mechanisms of fast bacterial adaptation to

osmotic challenges



Multi-scale analysis of synaptogenesis and plasticity in developing circuits

We investigate synapse development

from the translatome => proteome = structure.

Active Ribosomes Isolated mRNA
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Using mammalian visual circuits

At birth: retinogeniculate overlap and competition

Left dLGN

Left eye

as a model system...

~1 week after birth: eye-specific segregation

LeRdLGN

Right ey Left aye Right eye

SPEER LAB

and labeling wetware for synaptic and cellular imaging.

we build and validate new tools...

Image
Analysis

including image analysis
and control software...

Using automated image classification and analysis,
we investigate the molecular basis of synaptogenesis.
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Theory and Computation in the Jarzynski group

Thermodynamics at the nanoscale
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Molecular Modeling: Cell Membranes and Associated Proteins

Cell Membranes Stratum Corneum Jeff Klauda
Plasma Membrane of Yeast

Outer Membrane of E. Coli* Layer of Skin?
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Modeling of organism and organelle membranes at
physiological concentrations'2

Dimerization of proteins involved in neuronal, bone
and cancer growth?

COVID-19 Research on Spike Protein*
Activation of the Serotonin Receptor®

Peptide-membrane interactions with applications to
anti-microbial peptides (AMPs)®

Peptide-membrane Binding® and AMPs

'Biophys. J. 106: p2493 (2014). 2JACS. 141: p16930 (2019). 3Biochem. 55: 4928 (2016). *https://doi.org/10.1101/2020.09.28.317206. >PNAS. 117: p405 (2020). ®JPCB. 122: p9713 (2018).




Quantum Materials: Magnetism, Superconductivity, Topology
>

Materials Synthesis Quantum + Topological Physics Extreme Environments, Big Experiments

Pulsed Field Facility, Los Alamos National Lab

- high magnetic field experiments to 65 T
and up

NIST Center for Neutron Research
(nearby) - studying quantum magnetic

excitations Nicholas Butch
Topological Interface Network under pressure (MoTe,) NIST & Physics
<€

alb 2 lb‘ﬂf;:::;::; uantum
PBUTCH Lae Visit: https://sites.google.com/site/npbutch for more info 7 Q “\ g Vlaterials


https://sites.google.com/site/npbutch

Cold atom physics and
Nonlinear/Quantum Optics

Paul D. Lett — National Institute of Standards and Technology / Joint Quantum Institute
UMD Chemical Physics Program

Spinor Bose-Einstein condensate 4-wave mixing in atomic vapors
Investigations in sodium vapor. to generate quantum-entangled
Atoms in a superposition of spin images and improve optical
states evolve and interact as a measurements.

complex quantum many-particle

PBS probe
System . PBS Rb J

...-:‘:fr..-‘

pump [;

spectrum analyser
We study both the fundamental physics of
entangled atoms and photons, as well as
their applications to precision
measurements and guantum sensing.




Laser Cooling and Trapping Group: NIST/JQl

In laboratories on both the National
Institute of Standards and Technology and
University of Maryland campuses of the Joint
Quantum Institute, our group studies the
coldest materials in existence. Cold atoms
and quantum degenerate gases are the
starting points for a variety of research
directions in experimental and theoretical
guantum science:

e Cold guantum chemistry

e Quantum Information Science
 Quantum simulation and computing

e Squeezed light—beyond quantum limits
 Topological matter

e Quantum thermodynamics

e Atomtronics

* More...




Analyzing Distributions at the Nanoscale & Human Scale with a Celebrated Formula for Fluctuations

Distributions of spacings between energy levels in nuclei depend only on symmetry — single parameter (3 ) Wigner surmise:

2),

PB(S) =0 5P exp(-bgs B=1,2,4,where sis spacing/(spacing)

Next consider 2D config’ns of [non-crossing] steps on vicinal (tilted, stepped) surfaces
maps to world lines of repelling fermions in 1D (evolving in time)

(s) describes distribution of areas of proximity (Voronoi)
cells around random points, e.g. quantum dots

[ t human scale, it can describe spacings between parked cars,
between birds on a wire, distributions of subway stations (e.g. Paris
Metro), areas of counties in SE USA or French districts

Ted Einstein



Complex Fluids and (Soft) Nanomaterials
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; http://complexfluids.umd.edu

Prof. Srinivasa R. Raghavan

Patrick & Marguerite Sung Professor
Dept. of Chemical & Biomolecular Engineering
University of Maryland, College Park

Office: 1227C Chem-Nuc Building
Phone: (301) 405-8164

Email: sraghava@umd.edu

Bio | CV | Google Scholar

Group Photo: 2019

[
Generates Generates
H,0, quorum sensing
antagonist

Bacteria killed
or deactivated

Amphiphilic polymers that stop
bleeding.

We have discovered polymers
that convert liquid blood into a
gel via hydrophobic interactions.

These are being used to stop
bleeding from massive injuries.

Microcapsules mimicking the
architecture of cells.

We have made capsules with
many inner compartments,
similar to organelles in a cell.

These are being used as agents
to kill or deactivate bacteria.

Drug delivery triggered by
external stimuli.

We are using electrical signals
as well as irradiation by X-rays
to induce drug delivery.

One use is in wireless delivery of
drugs through skin to treat pain.

Keywords associated with research:

e Self-assembly; smart fluids; nanostructured fluids; micelles; vesicles; rheology, neutron scattering
e Bionanotechnology; drug delivery; hydrogels; microcapsules; stimuli-responsive/smart materials




ERAIN RESEARCH THROUGH ADVANCING
INNOVATIVE NEUROTECHNOLOGIES

BRAIN

INITIATIVE

Excitable Systems in Cells

Precise control of Intracellular
Biochemical Waves

Sensor

Actuator \
f Voltage/Charge | ## Nanotopography A

Sensors

Synthetic
Biological

Q Dynamic Actuators |

States

Multiscale |

Molecular § "' AC+DC |
“) Biosensors - @ Electric |

Fields '

¥ Multiscale simulations

&F Data Analytics/Machine Learning

Dynamics of Living Systems

Wolfgang Losert
University of Maryland

Dynamic Neural Networks Dynamics of Living

Analysis and Control of Neural Systems Team
systems in vitro and in vivo

Cells to be targeted

> Life Cell Microscopy
» Data Analytics and Al
» Models

ireap.umd.edu/losertlab
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Cheng Gong Dept. ECE cgong.weebly.com

Physical dimension of quantum materials: sub-nanometer Nature 546, 265 (2017).

1

100,000 of the diameter of human hair.

~

Quantum mechanics dominates the material properties in such tiny space.

Unprecedented platforms for disruptive,

urad
30

40K .
Light-matter interaction

Science 363, eaav4450 (2019).
Nat. Commun. 10, 2657 (2019).
PNAS. 115, 8511 (2018).

miniaturized quantum devices.
Nano Lett. 20, 7230 (2020).

Bottom electrode

Spintronic devices Material simulation



Probing and Controlling Nanoscale Chemical and Physical Processes

(Nature 466, 91 )

Science 363, 619 )

mouyang@umd.edu
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Generation and detection of spin-orbit coupled
neutron beams

s 'S-Men.u“"'. Connor Kap:hi“. Wangchun Chm""’. Charles W. Clark®, Dawid G. fwg,r"‘""".. Michael G. Huber,
Iwar Taminiau®, Kirill Zhernenkew™t, and Dmvitry A, Pushin®®
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Holography with a neutron interferometer

Benjamin Heacock, Muhammad Arif, Charles W, Clark, David G

Pushin

@umd . edu

Experimental Neutron Interferometry at the NIST Center for Neutron Research

LETTER

Controlling neutron orbital angular momentum

& Dmitry A, Pushin®*

doir 10, 103 B rmatur e 15265

Charles W. Clark', Roman Barankov?, Michacl G, Huber”, Muhammad Arif*, David G. Cory*547
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The Combustion Laboratory at UMD
State of the art Lab. with comprehensive Diagnostics & Experimental facilities
Theme: Clean and efficient combustion of fossil and future fuels
Sample Projects
» Gasification, pyrolysis and Waste to clean fuel conversion

* Colorless Green Distributed Combustion (CDC) for gas turbine application using
High Temperature Air Combustion Technology (HITAC)

» High speed combustion/Propulsion

» Micro-combustor with regeneration using gas and liquid fuels

« Sensors and diagnostics for combustion control in combustors and power plants
« Sulfur and energy recovery from acid gases

« Underwater propulsion and two phase mixing

« Mixing and ignition in rocket injectors

Contact Info.: Ashwani K. Gupta, Distinguished University Professor
E-mail: akgupta@umd.edu : Tel.: 301-405-5276, FAX: 314-9477
Website: http://www.enme.umd.edu/combustion/
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Light-Matter Interactions in the Bio-Universe

G. Scrcelli

Imaging through turbid media Bio - Optics

GO
TERPS tgggs

Nizamoglu et al. Nature Comm. (2016)
Edrei & Scarcelli, Optica (2016) Edrei & Scarcelli, ACS photonics 2020
Edrei & Scarcelli, Nature Comm. (2021)

Soft-matter “lasers” to map forces Photon-phonon probe to map stiffne

LabonaChip - p




Biomolecular Modeling: Self-assembly processes >iving Matysiak

matysiak@umd.edu
Peptide folding and aggregation in complex environments Biophysical properties of lipid bilayers
Membrane induced peptide folding? Peptide aggregation in Peptide aggregation in Lipid domain formation 3

lipid bilayers? extracellular matrix mimetics

%

Folding

Protein allostery/evolution and stability Mechanical properties of hydrogels

Biotin Protein ligases* Protein stability in non-conventional solvents > Polysaccharides/surfactants Hydrogels ©

1Phys. Chem. Chem. Phys. 18, 17836 (2016). 2 Phys. Chem. Chem. Phys. 21: 8559 (2019). 3J. Phys. Chem. B 124: 7327 (2020). “Biochem. 59: 790 (2020). °Phys. Chem. Chem. Phys.. 22: p19779
(2020). 6Chem. Commun. 13: 7373 (2017).
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X% Yanne Chembo’'s Group @UMD

Photonic Systems Laboratory

The group currently has 8 members, including one PhD student from CHPH

Aerospace
Engineering

- Ultra-low phase noise

optoelectronic oscillators
- Kerr optical frequency comb generation
- Navigation and sensing

Photonic
Neuromorphic
Computing

- Fundamental principles
- Application to ultrafast
classification tasks

Telecommunication Engineering

- Optical chaos communication
- Wavelength division multiplexing using Kerr combs

T
= E‘? 3 .
A . il &L Al N
&b b %

Nonlinear and Quantum Photonics

- Laser-based all-optical signal processing using ultra-high-Q cavities
- Quantum communications

UMD CHPH Virtual Open House
October 2021

https://chembolab.umd.edu/
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