CONDENSED MATTER PHYSICS RESEARCH METHODS US

INTRODUCTION TO CONDENSED MATTER PHYSICS RESEARCH METHODS IN THE US

CONDENSED MATTER PHYSICS RESEARCH METHODS US ARE AT THE FOREFRONT OF SCIENTIFIC DISCOVERY, DRIVING INNOVATION
ACROSS A MULTITUDE OF TECHNOLOGICAL SECTORS. FROM UNLOCKING THE SECRETS OF SUPERCONDUCTIVITY TO DEVELOPING
NOVEL MATERIALS FOR NEXT-GENERATION ELECTRONICS, AMERICAN INSTITUTIONS AND RESEARCHERS ARE LEADING THE CHARGE.
THIS FIELD DELVES INTO THE MACROSCOPIC AND MICROSCOPIC PHYSICAL PROPERTIES OF MATTER, PARTICULARLY THOSE
ARISING FROM THE COLLECTIVE INTERACTIONS OF A LARGE NUMBER OF PARTICLES. THE UNITED STATES BOASTS A VIBRANT
ECOSYSTEM OF UNIVERSITIES, NATIONAL LABORATORIES, AND PRIVATE RESEARCH CENTERS DEDICATED TO ADVANCING OUR
UNDERSTANDING OF CONDENSED MATTER. THIS ARTICLE WILL PROVIDE A COMPREHENSIVE OVERVIEW OF THE DIVERSE RESEARCH
METHODOLOGIES EMPLOYED WITHIN CONDENSED MATTER PHYSICS IN THE US, COVERING EXPERIMENTAL TECHNIQUES,
THEORETICAL FRAMEWORKS, AND COMPUTATIONAL APPROACHES, ALL AIMED AT UNRAVELING THE COMPLEXITIES OF SOLID AND
LIQUID STATES. WE WILL EXPLORE THE CUTTING-EDGE TOOLS AND STRATEGIES THAT ENABLE SCIENTISTS TO PROBE THE
QUANTUM MECHANICAL BEHAVIORS OF MATERIALS.
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Key EXPERIMENTAL TECHNIQUES IN CONDENSED MATTER PHYSICS RESEARCH

EXPERIMENT AL CONDENSED MATTER PHYSICS IN THE US IS CHARACTERIZED BY ITS SHEER DIVERSITY AND THE RELENTLESS
PURSUIT OF EVER-INCREASING PRECISION. RESEARCHERS ARE CONSTANTLY DEVELOPING AND REFINING TECHNIQUES TO PROBE THE
FUNDAMENTAL PROPERTIES OF MATERIALS WITH UNPRECEDENTED DETAIL. THESE METHODS ALLOW SCIENTISTS TO NOT ONLY
OBSERVE BUT ALSO MANIPULATE MATTER AT THE ATOMIC AND ELECTRONIC LEVELS, REVEALING PHENOMENA THAT WERE ONCE
PURELY THEORETICAL. THE GOAL IS OFTEN TO UNDERSTAND HOW THE COLLECTIVE BEHAVIOR OF ELECTRONS, ATOMS, AND THEIR
INTERACTIONS GIVES RISE TO EMERGENT PROPERTIES LIKE MAGNETISM, SUPERCONDUCTIVITY, AND EXOTIC PHASES OF MATTER.
THE AVAILABILITY OF CUTTING-EDGE INSTRUMENTATION AND THE COLLABORATIVE SPIRIT AMONG RESEARCHERS IN AMERICAN
INSTITUTIONS FOSTER A FERTILE GROUND FOR GROUNDBREAKING DISCOVERIES.

ADVANCED SPECTROSCOPIC METHODS

SPECTROSCOPY PLAYS A PIVOTAL ROLE IN CONDENSED MATTER PHYSICS RESEARCH IN THE US/ PROVIDING INSIGHTS INTO THE
ELECTRONIC STRUCTURE AND EXCITATIONS OF MATERIALS. THESE TECHNIQUES INVOLVE INTERACTING WITH MATTER USING
ELECTROMAGNETIC RADIATION AND ANALYZING THE RESULTING ABSORPTION, EMISSION, OR SCATTERING. RESEARCHERS UTILIZE A
WIDE SPECTRUM OF LIGHT, FROM ULTRAVIOLET AND VISIBLE LIGHT TO X-RAYS AND INFRARED RADIATION, TO PROBE DIFFERENT
ENERGY SCALES AND MATERIAL PROPERTIES. THE ABILITY TO PRECISELY MEASURE THE ENERGY LEVELS OF ELECTRONS AND THE
VIBRATIONAL MODES OF ATOMS IS CRUCIAL FOR UNDERSTANDING PHENOMENA SUCH AS BAND GAPS IN SEMICONDUCTORS,



MAGNETIC EXCITATIONS, AND PHONON DYNAMICS. FACILITIES LIKE SYNCHROTRON RADIATION SOURCES ARE INDISPENSABLE FOR
MANY ADVANCED SPECTROSCOPIC STUDIES.

e PHOTOEMISSION SPECTROSCOPY (PES): THIS TECHNIQUE PROBES THE ELECTRONIC BAND STRUCTURE BY MEASURING THE
KINETIC ENERGY OF ELECTRONS EMITTED FROM A MATERIAL WHEN ILLUMINATED BY PHOTONS. V ARIATIONS LIKE ANGLE-
RESOLVED PHOTOEMISSION SPECTROSCOPY (ARPES) PROVIDE DETAILED INFORMATION ABOUT THE MOMENTUM OF
THESE ELECTRONS, OFFERING A DIRECT VISUALIZATION OF THE ELECTRONIC BAND STRUCTURE.

o X-RAY ABSORPTION SPecTROSCOPY (XAS): XAS INVESTIGATES THE ELECTRONIC AND ATOMIC STRUCTURE BY
EXAMINING HOW A MATERIAL ABSORBS X-RAYS AT SPECIFIC ENERGIES. |T CAN REVEAL OXIDATION STATES,
COORDINATION ENVIRONMENTS, AND LOCAL ATOMIC ARRANGEMENTS.

* RAMAN SPECTROSCOPY: THIS METHOD STUDIES VIBRATIONAL MODES (PHONONS) IN A MATERIAL BY OBSERVING THE
INELASTIC SCATTERING OF LIGHT. |T IS HIGHLY SENSITIVE TO STRUCTURAL CHANGES, DEFECTS, AND PHASE TRANSITIONS,
MAKING IT INVALUABLE FOR CHARACTERIZING CRYSTALLINE SOLIDS.

o INFRARED (IR) SPECTROSCOPY: IR SPECTROSCOPY PROBES VIBRATIONAL AND ROTATIONAL MODES OF MOLECULES AND
CRYSTAL LATTICES. |T IS PARTICULARLY USEFUL FOR IDENTIFYING FUNCTIONAL GROUPS AND STUDYING PHONON-
EXCITON INTERACTIONS.

SCATTERING TECHNIQUES FOR STRUCTURAL ANALYSIS

SCATTERING TECHNIQUES ARE FUNDAMENTAL FOR DETERMINING THE ATOMIC AND MAGNETIC STRUCTURE OF CONDENSED MATTER.
BY DIRECTING BEAMS OF PARTICLES OR RADIATION AT A MATERIAL AND OBSERVING HOW THEY ARE DEFLECTED, RESEARCHERS
CAN INFER THE ARRANGEMENT OF ATOMS AND THE PRESENCE OF MAGNETIC ORDERING. THESE METHODS ARE ESSENTIAL FOR
VERIFYING CRYSTAL STRUCTURES, IDENTIFYING DEFECTS, AND UNDERSTANDING HOW MATERIALS BEHAVE UNDER DIFFERENT
CONDITIONS. THE PRECISION ACHIEVED WITH MODERN SCATTERING EXPERIMENTS ALLOWS FOR THE STUDY OF SUBTLE
STRUCTURAL NUANCES THAT CAN DRAMATICALLY INFLUENCE MATERIAL PROPERTIES.

o X-RAY DIFFRACTION (XRD): XRD IS THE WORKHORSE FOR DETERMINING CRYSTAL STRUCTURES. WHEN X-RAYS
INTERACT WITH THE REGULARLY SPACED ATOMS IN A CRYSTAL LATTICE, THEY DIFFRACT IN SPECIFIC PATTERNS THAT
CAN BE ANALYZED TO DEDUCE THE ARRANGEMENT OF ATOMS.

® NEUTRON SCATTERING: NEUTRON SCATTERING IS PARTICULARLY POWERFUL BECAUSE NEUTRONS HAVE NO CHARGE AND
ARE SENSITIVE TO BOTH NUCLEAR AND MAGNETIC SCATTERING. T HIS MAKES THEM IDEAL FOR STUDYING MAGNETIC
STRUCTURES, LIGHT ELEMENTS (LIKE HYDROGEN), AND LATTICE DYNAMICS. FACILITIES LIKE THE SPALLATION NEUTRON
Source (SNS) AT Oak RIDGE NATIONAL LABORATORY ARE CRITICAL FOR THIS RESEARCH.

o ELECTRON DIFFRACTION: SIMILAR TO X-RAY DIFFRACTION, ELECTRON DIFFRACTION USES A BEAM OF ELECTRONS AND IS
OFTEN EMPLOYED FOR SURFACE AND THIN-FILM ANALYSIS, AS WELL AS FOR SMALLER SAMPLE SIZES WHERE FOCUSED
ELECTRON BEAMS CAN BE UTILIZED.

TRANSPORT MEASUREMENTS AND ELECTRICAL PROPERTIES

UNDERST ANDING HOW ELECTRICAL CHARGE AND HEAT MOVE THROUGH A MATERIAL IS CENTRAL TO CONDENSED MATTER PHYSICS.
TRANSPORT MEASUREMENTS ARE DESIGNED TO QUANTIFY THESE PROPERTIES, REVEALING CRUCIAL INFORMATION ABOUT
ELECTRON SCATTERING MECHANISMS, CARRIER DENSITIES, AND THE PRESENCE OF PHENOMENA LIKE SUPERCONDUCTIVITY OR
THERMOELECTRIC EFFECTS. THESE EXPERIMENTS OFTEN INVOLVE APPLYING ELECTRIC AND MAGNETIC FIELDS AND MEASURING THE
RESULTING CURRENTS, VOLTAGES, OR TEMPERATURE GRADIENTS.



o CONDUCTIVITY AND RESISTIVITY MEASUREMENTS: THESE ARE BASIC BUT ESSENTIAL MEASUREMENTS TO UNDERSTAND
HOW WELL A MATERIAL CONDUCTS ELECTRICITY. THEY CAN REVEAL METALLIC, SEMICONDUCTING, OR INSULATING
BEHAVIOR AND ARE SENSITIVE TO TEMPERATURE, MAGNETIC FIELDS, AND STRUCTURAL DEFECTS.

o HALL EFFECT MEASUREMENTS: THE HALL EFFECT IS USED TO DETERMINE THE SIGN AND DENSITY OF CHARGE CARRIERS
(ELECTRONS OR HOLES) AND THEIR MOBILITY. BY APPLYING A MAGNETIC FIELD PERPENDICULAR TO A CURRENT-CARRYING
SAMPLE, A VOLTAGE IS GENERATED ACROSS THE SAMPLE, WHICH IS DIRECTLY RELATED TO THESE PROPERTIES.

® THERMOELECTRIC MEASUREMENTS: THESE EXPERIMENTS INVESTIGATE THE SEEBECK EFFECT (GENERATING VOLTAGE FROM A
TEMPERATURE DIFFERENCE) AND THE PELTIER EFFECT (CAUSING A TEMPERATURE DIFFERENCE WITH A VOLTAGE). THIS IS
CRUCIAL FOR DEVELOPING NEW SOLID-STATE COOLING AND POWER GENERATION TECHNOLOGIES.

THeERMAL AND MAGNETIC CHARACTERIZATION

THE THERMAL AND MAGNETIC PROPERTIES OF CONDENSED MATTER ARE EQUALLY IMPORTANT FOR UNDERSTANDING ITS BEHAVIOR
AND POTENTIAL APPLICATIONS. RESEARCHERS EMPLOY A VARIETY OF TECHNIQUES TO MEASURE HEAT CAPACITY, THERMAL
CONDUCTIVITY, MAGNETIC SUSCEPTIBILITY, AND MAGNETIZATION. THESE PROPERTIES ARE OFTEN INDICATIVE OF UNDERLYING
ELECTRONIC AND STRUCTURAL PHASES AND CAN BE HIGHLY SENSITIVE TO EXTERNAL STIMULI LIKE TEMPERATURE AND MAGNETIC
FIELDS.

o CALORIMETRY: TECHNIQUES LIKE DIFFERENTIAL SCANNING CALORIMETRY (DSC) AND HEAT CAPACITY MEASUREMENTS
REVEAL HOW MUCH HEAT A MATERIAL ABSORBS OR RELEASES AS ITS TEMPERATURE CHANGES. THIS IS CRITICAL FOR
IDENTIFYING PHASE TRANSITIONS, SUCH AS MELTING, CRYSTALLIZATION, OR MAGNETIC ORDERING.

* MAGNETOMETRY: VIBRATING SAMPLE MAGNETOMETRY (VSM) AND SQUID MAGNETOMETRY ARE USED TO MEASURE THE
MAGNETIC PROPERTIES OF MATERIALS, INCLUDING THEIR SUSCEPTIBILITY, COERCIVITY, AND SATURATION MAGNETIZATION.
THESE ARE FUNDAMENTAL FOR STUDYING MAGNETIC MATERIALS.

e THErRMAL CONDUCTIVITY MEASUREMENTS: THIS QUANTIFIES A MATERIAL'S ABILITY TO CONDUCT HEAT AND IS
ESSENTIAL FOR APPLICATIONS IN THERMAL MANAGEMENT AND ENERGY CONVERSION.

EMERGING EXPERIMENTAL FRONTIERS

THE LANDSCAPE OF EXPERIMENTAL CONDENSED MATTER PHYSICS IS CONTINUALLY EVOLVING. RESEARCHERS IN THE US ARE
ACTIVELY PUSHING THE BOUNDARIES WITH NEW TECHNIQUES THAT ALLOW FOR EVEN FINER CONTROL AND OBSERVATION OF
QUANTUM PHENOMENA. THIS INCLUDES THE DEVELOPMENT OF ULTRAFAST LASER SPECTROSCOPY TO PROBE DYNAMICS ON
FEMTOSECOND TIMESCALES AND THE CREATION OF NOVEL MEASUREMENT SETUPS FOR EXTREME CONDITIONS, SUCH AS ULTRA-
LOW TEMPERATURES OR HIGH PRESSURES.

o ULTRAFAST SPECTROSCOPY: USING PULSED LASERS, SCIENTISTS CAN NOW OBSERVE THE INCREDIBLY RAPID DYNAMICS
OF ELECTRONS AND ATOMIC VIBRATIONS WITHIN MATERIALS, OPENING NEW AVENUES FOR UNDERSTANDING TRANSIENT
ELECTRONIC STATES AND CHEMICAL REACTIONS.

o SCANNING ProBe Microscory (SPM): TECHNIQUES LIKE AToMIC Force Microscopy (AFM) AND SCANNING
TUNNELING MicRoSCopPY (STM) ALLOW FOR IMAGING AND MANIPULATION OF SURFACES AT THE ATOMIC SCALE,

PROVIDING UNPRECEDENTED SPATIAL RESOLUTION.

o CRYOGENIC AND HIGH-PRESSURE TECHNIQUES: REACHING EXTREMELY LOW TEMPERATURES <MILLIKELVIN RANGE) OR



APPLYING IMMENSE PRESSURES CAN INDUCE NOVEL QUANTUM PHASES, AND THE DEVELOPMENT OF SPECIALIZED EQUIPMENT
TO PERFORM EXPERIMENTS UNDER THESE CONDITIONS IS A MAJOR AREA OF RESEARCH.

THEORETICAL AND COMPUTATIONAL APPROACHES

COMPLEMENTING THE EXPERIMENTAL EFFORTS, THEORETICAL AND COMPUTATIONAL PHYSICS PROVIDES THE ESSENTIAL
FRAMEWORK FOR UNDERSTANDING THE COMPLEX BEHAVIORS OBSERVED IN CONDENSED MATTER. THESE APPROACHES ALLOW
RESEARCHERS TO MODEL MATERIALS FROM FIRST PRINCIPLES, PREDICT NEW PHENOMENA, AND INTERPRET EXPERIMENTAL RESULTS.
THE SYNERGY BETWEEN THEORY AND EXPERIMENT IS A HALLMARK OF MODERN CONDENSED MATTER PHYSICS, ENABLING A DEEPER
AND MORE COMPREHENSIVE UNDERSTANDING OF THE QUANTUM WORLD.

QUANTUM FIELD THEORY AND MANY-BobY PHYysIcs

MANY PHENOMENA IN CONDENSED MATTER PHYSICS, SUCH AS SUPERCONDUCTIVITY AND QUANTUM MAGNETISM, ARISE FROM THE
COLLECTIVE INTERACTIONS OF A VAST NUMBER OF QUANTUM PARTICLES. QUANTUM FIELD THEORY AND MANY-BODY PHYSICS
PROVIDE THE MATHEMATICAL TOOLS TO DESCRIBE THESE EMERGENT BEHAVIORS. RESEARCHERS IN THE US EMPLOY
SOPHISTICATED TECHNIQUES TO TACKLE THE INHERENT COMPLEXITY OF THESE SYSTEMS, OFTEN DEVELOPING NEW THEORETICAL
MODELS AND APPROXIMATION METHODS TO MAKE PREDICTIONS TRACTABLE AND VERIFIABLE.

DensiTY FUNCTIONAL THEORY AND FIRST-PRINCIPLES CALCULATIONS

DensITY FUNCTIONAL THEORY (DFT) IS A CORNERSTONE OF MODERN COMPUTATIONAL CONDENSED MATTER PHYSICS. IT
ALLOWS SCIENTISTS TO CALCULATE THE ELECTRONIC STRUCTURE AND PROPERTIES OF MATERIALS BASED ON FUNDAMENTAL
QUANTUM MECHANICAL PRINCIPLES, WITHOUT RELYING ON EMPIRICAL PARAMETERS. THIS APPROACH IS WIDELY USED TO PREDICT
MATERIAL STABILITY, ELECTRONIC PROPERTIES, AND MAGNETIC ORDERING. HIGH-PERFORMANCE COMPUTING RESOURCES ARE
CRUCIAL FOR PERFORMING THESE CALCULATIONS FOR INCREASINGLY COMPLEX SYSTEMS.

® PREDICTING MATERIAL PROPERTIES: DF T CAN PREDICT A WIDE RANGE OF PROPERTIES, INCLUDING BAND GAPS, LATTICE
CONSTANTS, ELASTIC MODULI, AND MAGNETIC MOMENTS.

¢ DESIGNING NEW MATERIALS: BY SIMULATING VARIOUS ATOMIC COMPOSITIONS AND STRUCTURES, DFT AIDS IN THE
RATIONAL DESIGN OF MATERIALS WITH DESIRED PROPERTIES, ACCELERATING THE DISCOVERY PROCESS.

o UNDERSTANDING REACTION PATHWAYS: |T CAN ALSO BE APPLIED TO UNDERSTAND SURFACE CHEMISTRY AND CATALYTIC
PROCESSES BY MODELING ADSORPTION AND REACTION MECHANISMS.

MACHINE LEARNING AND ARTIFICIAL INTELLIGENCE IN THEORY

THE INTEGRATION OF MACHINE LEARNING (ML) AND ARTIFICIAL INTELLIGENCE (AD INTO CONDENSED MATTER THEORY IS A
RAPIDLY GROWING AREA IN US RESEARCH. ML ALGORITHMS CAN BE TRAINED ON VAST DATASETS OF MATERIAL PROPERTIES TO
ACCELERATE THE DISCOVERY OF NEW MATERIALS, PREDICT PHASE DIAGRAMS, AND EVEN DISCOVER NEW PHYSICAL LAWS. Alis
ALSO BEING USED TO OPTIMIZE THEORETICAL CALCULATIONS AND TO DISCOVER NEW PATTERNS IN EXPERIMENTAL DATA THAT
MIGHT OTHERW!ISE BE MISSED.



THE INTERPLAY OF THEORY AND EXPERIMENT

THE MOST SIGNIFICANT BREAKTHROUGHS IN CONDENSED MATTER PHYSICS OFTEN OCCUR AT THE INTERFACE BETWEEN
THEORETICAL PREDICTION AND EXPERIMENTAL VERIFICATION. FOR INSTANCE, THE PREDICTION OF TOPOLOGICAL INSULATORS BY
THEORISTS WAS FOLLOWED BY EXTENSIVE EXPERIMENTAL EFFORTS TO SYNTHESIZE AND CHARACTERIZE THESE NOVEL MATERIALS.
THIS ITERATIVE PROCESS OF PREDICTION, SYNTHESIS, MEASUREMENT, AND REFINEMENT IS FUNDAMENTAL TO THE PROGRESS OF
THE FIELD. US RESEARCH INSTITUTIONS FOSTER ENVIRONMENTS WHERE THEORISTS AND EXPERIMENTALISTS WORK CLOSELY
TOGETHER, SHARING INSIGHTS AND DRIVING INNOVATION.

Key RESEARCH INSTITUTIONS AND FUNDING IN THE US

THE STRENGTH OF CONDENSED MATTER PHYSICS RESEARCH IN THE US IS SUPPORTED BY A ROBUST NETWORK OF ACADEMIC
INSTITUTIONS, NATIONAL LABORATORIES, AND SIGNIFICANT FUNDING FROM GOVERNMENT AGENCIES AND PRIVATE FOUNDATIONS.
THIS COMPREHENSIVE ECOSYSTEM PROVIDES THE INFRASTRUCTURE, TALENT, AND FINANCIAL RESOURCES NECESSARY FOR PUSHING
THE FRONTIERS OF THE FIELD. THE COLLABORATIVE NATURE OF RESEARCH, OFTEN FACILITATED BY INTERDISCIPLINARY CENTERS
AND JOINT PROJECTS, IS A KEY CHARACTERISTIC OF THE US RESEARCH LANDSCAPE.

UNIVERSITY RESEARCH LABS

VIRTUALLY EVERY MAJOR RESEARCH UNIVERSITY IN THE UNITED STATES HAS ACTIVE CONDENSED MATTER PHYSICS GROUPS.
THESE UNIVERSITY LABS ARE THE PRIMARY TRAINING GROUNDS FOR FUTURE SCIENTISTS AND ARE RESPONSIBLE FOR A SIGNIFICANT
PORTION OF FUNDAMENTAL RESEARCH. THEY ARE CHARACTERIZED BY THEIR DIVERSE EXPERIMENTAL CAPABILITIES AND
THEORETICAL EXPERTISE, OFTEN FOCUSING ON SPECIFIC SUB-FIELDS WITHIN CONDENSED MATTER.

e ToP-TIER UNIVERSITIES: INSTITUTIONS LIKE MIT, HARVARD, STANFORD, UC BERKELEY, PRINCETON, CORNELL, AND THE
UNIVERSITY OF ILLINOIS URBANA-CHAMPAIGN CONSISTENTLY RANK AMONG THE WORLD LEADERS IN CONDENSED MATTER
PHYSICS RESEARCH.

o INTERDISCIPLINARY CENTERS: MANY UNIVERSITIES HAVE ESTABLISHED INTERDISCIPLINARY CENTERS FOCUSED ON AREAS
LIKE MATERIALS SCIENCE, NANOTECHNOLOGY, AND QUANTUM INFORMATION, FOSTERING COLLABORATION ACROSS
DEPARTMENTS.

NATIONAL LABORATORIES AND THEIR CONTRIBUTIONS

THe US DEPARTMENT OF ENERGY NATIONAL LABORATORIES PLAY A CRUCIAL ROLE IN CONDENSED MATTER PHYSICS RESEARCH.
THESE GOVERNMENT-FUNDED INSTITUTIONS HOUSE WORLD-CLASS USER FACILITIES, SUCH AS SYNCHROTRON LIGHT SOURCES,
NEUTRON SCATTERING FACILITIES, AND ADVANCED MATERIALS SYNTHESIS LABS, WHICH ARE ACCESSIBLE TO RESEARCHERS FROM
UNIVERSITIES AND INDUSTRY. THEIR LARGE-SCALE PROJECTS AND LONG-TERM RESEARCH PROGRAMS ARE VITAL FOR TACKLING
COMPLEX SCIENTIFIC CHALLENGES.

e Oak RiIDGE NATIONAL LABORATORY (ORNL): KNOWN FOR ITS SPALLATION NEUTRON Source (SNS) anp HigH FLUX
IsoTope REACTOR (HFIR), ENABLING CUTTING-EDGE NEUTRON SCATTERING RESEARCH.

o BROOKHAVEN NATIONAL LABORATORY (BNL): HosTs THe NATIONAL SYNCHROTRON LIGHT Source Il (NSLS-II), A
PREMIER FACILITY FOR X-RAY-BASED RESEARCH.



o LAWRENCE BerkeLEY NATIONAL LABORATORY (LBNL): OPerATES THE ADVANCED LIGHT Source (ALS) AND HAS
STRONG PROGRAMS IN MATERIALS SCIENCE AND NANOSCIENCE.

e Los ALAMOS NATIONAL LABORATORY (LANL): FOCUSES ON THEORETICAL PHYSICS, MATERIALS SCIENCE, AND
NUCLEAR PHYSICS, WITH SIGNIFICANT CONTRIBUTIONS TO CONDENSED MATTER.

INDUSTRY AND GOVERNMENT PARTNERSHIPS

COLLABORATION BETWEEN ACADEMIA, NATIONAL LABS, AND INDUSTRY IS A KEY DRIVER OF INNOVATION IN CONDENSED MATTER
PHYSICS IN THE US. GOVERNMENT AGENCIES, MOST NOTABLY THE NATIONAL SCIENCE FOUNDATION (NSF) AND THE
DEPARTMENT OF ENERGY (DOE), PROVIDE SUBSTANTIAL FUNDING FOR BASIC AND APPLIED RESEARCH. THESE PARTNERSHIPS
ACCELERATE THE TRANSLATION OF FUNDAMENTAL DISCOVERIES INTO PRACTICAL APPLICATIONS, RANGING FROM ADVANCED
SEMICONDUCTORS AND QUANTUM COMPUTING COMPONENTS TO NOVEL ENERGY TECHNOLOGIES.

THE CONTINUOUS DEVELOPMENT AND APPLICATION OF THESE DIVERSE CONDENSED MATTER PHYSICS RESEARCH METHODS IN THE
US ARE ESSENTIAL FOR ADVANCING OUR UNDERSTANDING OF THE PHYSICAL WORLD AND FOR DRIVING TECHNOLOGICAL PROGRESS
ACROSS NUMEROUS SECTORS. THE COLLABORATIVE SPIRIT AND THE AVAILABILITY OF CUTTING-EDGE FACILITIES ENSURE THAT
THE US REMAINS AT THE FOREFRONT OF THIS DYNAMIC AND IMPACTFUL SCIENTIFIC DISCIPLINE.

FREQUENTLY AsSkeD QUESTIONS

Q: WHAT ARE THE MOST COMMONLY USED EXPERIMENTAL TECHNIQUES IN CONDENSED
MATTER PHYSICS RESEARCH IN THE US?

A: IN THE US, COMMON EXPERIMENTAL TECHNIQUES INCLUDE PHOTOEMISSION SPECTROSCOPY (PES) AND ITS VARIANTS LIKE
ARPES FOR ELECTRONIC STRUCTURE, X-RAY DIFFRACTION (XRD) AND NEUTRON SCATTERING FOR STRUCTURAL ANALYSIS,
AND VARIOUS TRANSPORT MEASUREMENTS (CONDUCTIVITY, HALL EFFECT) TO PROBE ELECTRICAL PROPERTIES. ADVANCED
TECHNIQUES LIKE RAMAN SPECTROSCOPY AND ULTRAFAST LASER SPECTROSCOPY ARE ALSO WIDELY EMPLOYED.

Q: How DOES THEORETICAL PHYSICS CONTRIBUTE TO CONDENSED MATTER RESEARCH IN
THE USP

A: THEORETICAL PHYSICS IN THE US PROVIDES THE ESSENTIAL FRAMEWORK FOR UNDERSTANDING EXPERIMENTAL RESULTS AND
PREDICTING NEW PHENOMENA. THIS INCLUDES USING QUANTUM FIELD THEORY, MANY-BODY PHYSICS, AND, INCREASINGLY, MACHINE
LEARNING AND ARTIFICIAL INTELLIGENCE TO MODEL COMPLEX MATERIAL BEHAVIORS AND GUIDE EXPERIMENTAL EFFORTS.

Q: WHAT ROLE DO NATIONAL LABORATORIES PLAY IN CONDENSED MATTER PHYSICS
RESEARCH IN THE US?

A: US NATIONAL LABORATORIES ARE CRITICAL FOR PROVIDING ACCESS TO LARGE-SCALE, UNIQUE USER FACILITIES LIKE
SYNCHROTRON LIGHT SOURCES AND NEUTRON SCATTERING INSTRUMENTS. THEY ALSO CONDUCT SIGNIFICANT INDEPENDENT
RESEARCH PROGRAMS AND FOSTER COLLABORATIONS BETWEEN ACADEMIA AND INDUSTRY, DRIVING LARGE-SCALE PROJECTS AND
FUNDAMENTAL DISCOVERIES.

Q: CAN YOU PROVIDE EXAMPLES OF EMERGING RESEARCH FRONTIERS IN US CONDENSED



MATTER PHYSICS?

A: EMERGING FRONTIERS INCLUDE THE STUDY OF TOPOLOGICAL MATERIALS, THE DEVELOPMENT OF QUANTUM COMPUTING
HARDW ARE, THE EXPLORATION OF QUANTUM ENTANGLEMENT IN SOLID-STATE SYSTEMS, AND THE APPLICATION OF MACHINE
LEARNING TO MATERIALS DISCOVERY AND PROPERTY PREDICTION. ULTRAFAST SPECTROSCOPY AND ADVANCED NANOSCALE
CHARACTERIZATION ARE ALSO RAPIDLY ADVANCING.

Q: How IS MACHINE LEARNING BEING APPLIED IN CONDENSED MATTER PHYSICS RESEARCH
IN THE US?

A: MACHINE LEARNING IS BEING USED IN THE US TO ACCELERATE MATERIALS DISCOVERY BY PREDICTING PROPERTIES OF NEW
COMPOUNDS, TO ANALYZE LARGE EXPERIMENTAL DATASETS, TO OPTIMIZE THEORETICAL CALCULATIONS, AND TO DISCOVER NEW
PHASES OF MATTER.

Q: WHAT ARE SOME OF THE KEY INSTITUTIONS DRIVING CONDENSED MATTER PHYSICS
RESEARCH IN THE US?

A: LEADING RESEARCH UNIVERSITIES SUCH AS MIT, STANFORD, HARVARD, UC BERKELEY, AND THE UNIVERSITY OF ILLINOIS
UrBANA-CHAMPAIGN, ALONG WITH NATIONAL LABORATORIES LIKE OAk RIDGE, BROOKHAVEN, AND L AWRENCE BERKELEY, ARE
PIVOTAL IN US CONDENSED MATTER PHYSICS RESEARCH.

QI How poes THE US FOSTER COLLABORATION BETWEEN THEORETICAL AND
EXPERIMENTAL CONDENSED MATTER PHYSICISTS?

A: US RESEARCH INSTITUTIONS ENCOURAGE COLLABORATION THROUGH INTERDISCIPLINARY CENTERS, JOINT RESEARCH PROJECTS,
SHARED EXPERIMENTAL FACILITIES, AND GRADUATE TRAINING PROGRAMS THAT EMPHASIZE BOTH THEORETICAL UNDERSTANDING
AND EXPERIMENTAL SKILLS.

Q: WHAT ARE THE MAIN FUNDING SOURCES FOR CONDENSED MATTER PHYSICS RESEARCH
IN THE US?

A: THE PRIMARY FUNDING SOURCES INCLUDE GOVERNMENT AGENCIES LIKE THE NATIONAL Science FounpaTion (NSF) AND THE
DePARTMENT OF ENERGY (DOE), AS WELL AS PRIVATE FOUNDATIONS AND INDUSTRY PARTNERSHIPS.
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