SANTA CRUZ INSTITUTE FOR PARTICLE PHYSICS

THe SANTA CRUZ INSTITUTE FOR PARTICLE PHYSICS, OFTEN ABBREVIATED AS SCIPP, STANDS AS A BEACON OF SCIENTIFIC
INQUIRY AT THE FOREFRONT OF UNDERSTANDING THE FUNDAMENTAL CONSTITUENTS OF THE UNIVERSE AND THE FORCES THAT
GOVERN THEM. NESTLED WITHIN THE VIBRANT ACADEMIC ENVIRONMENT OF THE UNIVERSITY OF CALIFORNIA, SANTA CRUZ,
SCIPP 1s A POWERHOUSE OF RESEARCH, INNOVATION, AND COLLABORATION. THIS ARTICLE WILL DELVE INTO THE CORE MISSION
of SCIPP, EXPLORE ITS DIVERSE RESEARCH AREAS, HIGHLIGHT KEY ACHIEVEMENTS AND ONGOING PROJECTS, AND DISCUSS THE
IMPACT OF ITS WORK ON BOTH THEORETICAL PHYSICS AND EXPERIMENTAL ENDEAVORS. WE WILL UNCOVER THE DRIVING FORCES
BEHIND PARTICLE PHYSICS RESEARCH AT SANTA CRUZ AND WHAT MAKES THIS INSTITUTE A CRUCIAL PLAYER IN THE GLOBAL
SCIENTIFIC LANDSCAPE.
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ABoUT THE SANTA CRUZ INSTITUTE FOR PARTICLE PHYSICS

THe SANTA CrUZ INSTITUTE FOR PARTICLE PHYSICS (SCIPP) IS A DISTINGUISHED RESEARCH CENTER DEDICATED TO
UNRAVELING THE DEEPEST MYSTERIES OF THE COSMOS. ESTABLISHED WITH A VISION TO PUSH THE BOUNDARIES OF HUMAN
KkNOWLEDGE, SCIPP FOSTERS A DYNAMIC AND INTERDISCIPLINARY ENVIRONMENT WHERE LEADING PHYSICISTS AND ASPIRING
RESEARCHERS CONVERGE TO EXPLORE THE FUNDAMENTAL BUILDING BLOCKS OF MATTER AND ENERGY. |TS AFFILIATION WITH THE
UNIVERSITY OF CALIFORNIA, SANTA CRUZ, PROVIDES A RICH ACADEMIC BACKDROP, ENABLING SEAMLESS INTEGRATION OF
CUTTING-EDGE RESEARCH WITH EDUCATIONAL PURSUITS.

AT TS HEART, SCIPP IS DRIVEN BY A PROFOUND CURIOSITY ABOUT THE UNIVERSE'S ORIGINS, ITS COMPOSITION, AND ITS
ULTIMATE FATE. RESEARCHERS AT THE INSTITUTE ENGAGE IN A WIDE SPECTRUM OF ACTIVITIES, FROM DESIGNING AND
CONSTRUCTING SOPHISTICATED EXPERIMENTAL APPARATUS TO DEVELOPING INTRICATE THEORETICAL MODELS THAT EXPLAIN
OBSERVED PHENOMENA. THIS DUAL APPROACH—EMBRACING BOTH THE TANGIBLE WORLD OF DETECTORS AND THE ABSTRACT
REALM OF MATHEMATICAL FRAMEWORKS—IS WHAT DEFINES THE HOLISTIC NATURE OF PARTICLE PHYSICS RESEARCH UNDERT AKEN
AT SANTA CruzZ.

THE INSTITUTE'S COMMITMENT EXTENDS BEYOND PURE DISCOVERY; IT PLAYS A PIVOTAL ROLE IN TRAINING THE NEXT
GENERATION OF SCIENTISTS. THROUGH GRADUATE STUDENT PROGRAMS, POSTDOCTORAL FELLOWSHIPS, AND UNDERGRADUATE
RESEARCH OPPORTUNITIES, SCIPP CULTIVATES A FERTILE GROUND FOR INTELLECTUAL GROWTH AND SCIENTIFIC MENTORSHIP.
THIS DEDICATION TO EDUCATION ENSURES A CONTINUOUS PIPELINE OF TALENTED INDIVIDUALS READY TO CONTRIBUTE TO THE
EVER-EVOLVING FIELD OF PARTICLE PHYSICS.

Core ResearcH ArReas AT SCIPP

THE RESEARCH LANDSCAPE AT THE SANTA CRUZ INSTITUTE FOR PARTICLE PHYSICS IS CHARACTERIZED BY ITS BREADTH AND
DEPTH, COVERING SEVERAL PIVOTAL FRONTIERS IN MODERN PHYSICS. THE INSTITUTE'S FACULTY AND RESEARCHERS ARE
ACTIVELY ENGAGED IN EXPLORING THE FUNDAMENT AL PARTICLES THAT CONSTITUTE OUR UNIVERSE, THE FORCES THAT BIND
THEM, AND THE EXOTIC PHENOMENA THAT ARISE FROM THEIR INTERACTIONS. THIS MULTIFACETED APPROACH ALLOWS SCIPP To
CONTRIBUTE SIGNIFICANTLY TO OUR UNDERSTANDING OF EVERY THING FROM THE SMALLEST SUBATOMIC PARTICLES TO THE



LARGEST COSMIC STRUCTURES.

ONE OF THE PRIMARY FOCAL POINTS IS THE STUDY OF NEUTRINOS, ELUSIVE SUBATOMIC PARTICLES THAT INTERACT VERY
WEAKLY WITH MATTER. SCIPP RESEARCHERS ARE AT THE FOREFRONT OF EXPERIMENTS DESIGNED TO DETECT THESE GHOSTLY
PARTICLES AND UNRAVEL THEIR FUNDAMENTAL PROPERTIES, SUCH AS THEIR MASS AND WHETHER THEY EXHIBIT “NEW” PHYSICS
BEYOND THE STANDARD MODEL. THIS PURSUIT DELVES INTO CRITICAL QUESTIONS ABOUT THE UNIVERSE'S MATTER-ANTIMATTER
ASYMMETRY AND THE ORIGIN OF MASS.

ANOTHER CORNERSTONE OF SCIPP’S RESEARCH IS THE QUEST TO UNDERSTAND DARK MATTER AND DARK ENERGY, THE
MYSTERIOUS INVISIBLE COMPONENTS THAT MAKE UP THE VAST MAJORITY OF THE UNIVERSE'S MASS-ENERGY CONTENT.
SCIENTISTS AT SANTA CRUZ ARE DEVELOPING AND DEPLOYING INNOVATIVE DETECTORS TO SEARCH FOR DIRECT EVIDENCE OF
DARK MATTER PARTICLES AND ARE INVOLVED IN LARGE-SCALE COSMOLOGICAL SURVEYS AIMED AT MAPPING THE DISTRIBUTION
OF DARK MATTER AND UNDERSTANDING THE EXPANSION OF THE UNIVERSE.

FURTHERMORE/ SCIPP IS DEEPLY INVOLVED IN THE REALM OF GRAVITATIONAL WAVE ASTRONOMY. BY CONTRIBUTING TO THE
DEVELOPMENT AND ANALYSIS OF DATA FROM GRAVITATIONAL WAVE OBSERVATORIES, RESEARCHERS ARE OPENING A NEW
WINDOW INTO THE UNIVERSE, ALLOWING US TO WITNESS CATACLYSMIC EVENTS LIKE THE MERGER OF BLACK HOLES AND
NEUTRON STARS WITH UNPRECEDENTED PRECISION. THIS FIELD PROMISES TO REVOLUTIONIZE OUR UNDERSTANDING OF GRAVITY
AND THE MOST EXTREME ENVIRONMENTS IN THE COSMOS.

ExPERIMENTAL PARTICLE PHYsSICS AT SCIPP

THE EXPERIMENTAL ARM OF THE SANTA CRUZ INSTITUTE FOR PARTICLE PHYSICS IS WHERE THE THEORETICAL PREDICTIONS OF
PARTICLE PHYSICS ARE PUT TO THE TEST THROUGH METICULOUSLY DESIGNED AND EXECUTED EXPERIMENTS. RESEARCHERS HERE
ARE NOT JUST OBSERVERS, THEY ARE BUILDERS, INNOVATORS, AND DATA ANALYSTS, PUSHING THE LIMITS OF TECHNOLOGY TO
CAPTURE FLEETING INTERACTIONS OF SUBATOMIC PARTICLES. THESE EXPERIMENTS OFTEN INVOLVE MASSIVE DETECTORS,
CUTTING-EDGE ELECTRONICS, AND SOPHISTICATED COMPUTING INFRASTRUCTURE, ALL DEPLOYED AT WORLD-CLASS FACILITIES.

A SIGNIFICANT PORTION OF SCIPP’s EXPERIMENTAL EFFORTS IS DIRECTED TOWARDS UNDERSTANDING NEUTRINOS. THIS INCLUDES
PARTICIPATION IN MAJOR INTERNATIONAL COLLABORATIONS LIKE SUPER-KAMIOKANDE AND THE FUTURE DUNE (DEEP
UNDERGROUND NEUTRINO EXPERIMENT). THESE EXPERIMENTS AIM TO PRECISELY MEASURE NEUTRINO OSCILLATIONS, WHICH
PROVIDE CRUCIAL CLUES ABOUT NEUTRINO MASSES AND FUNDAMENTAL SYMMETRIES OF NATURE. THE DETECTION OF NEUTRINOS
REQUIRES INCREDIBLY SENSITIVE INSTRUMENTS CAPABLE OF REGISTERING THE FAINT SIGNALS PRODUCED WHEN THESE NEARLY
MASSLESS PARTICLES INTERACT WITH MATTER.

THE SEARCH FOR DARK MATTER IS ANOTHER INTENSE FOCUS FOR SCIPP’s EXPERIMENTALISTS. THEY ARE INVOLVED IN
DEVELOPING AND OPERATING HIGHLY SENSITIVE DETECTORS DESIGNED TO DIRECTLY CAPTURE THE FAINT RECOIL THAT MIGHT
OCCUR WHEN A DARK MATTER PARTICLE COLLIDES WITH AN ATOMIC NUCLEUS IN THE DETECTOR MATERIAL. PROJECTS LIKE THE
LZ (LUX-ZEPLIN) EXPERIMENT, A LEADING DARK MATTER DETECTOR, BENEFIT FROM THE EXPERTISE AND CONTRIBUTIONS OF
SCIPP SCIENTISTS AND ENGINEERS IN THEIR QUEST TO IDENTIFY THIS ELUSIVE SUBSTANCE THAT DOMINATES THE UNIVERSE'S
GRAVITATIONAL LANDSCAPE.

BEYOND NEUTRINOS AND DARK MATTER, SCIPP EXPERIMENTALISTS ALSO CONTRIBUTE TO OTHER AREAS OF PARTICLE PHYSICS,
INCLUDING THE STUDY OF EXOTIC PARTICLES PRODUCED AT HIGH-ENERGY COLLIDERS AND THE DEVELOPMENT OF NOVEL
DETECTOR TECHNOLOGIES. THE INGENUITY AND PERSISTENCE OF THESE RESEARCHERS ARE FUNDAMENTAL TO VALIDATING OR
CHALLENGING OUR CURRENT UNDERSTANDING OF FUNDAMENTAL PHYSICS AND PAVING THE WAY FOR NEW DISCOVERIES.

THeoreTICAL PARTICLE PHYSICS AT SCIPP

COMPLEMENTING ITS ROBUST EXPERIMENTAL PROGRAM, THE SANTA CRUZ INSTITUTE FOR PARTICLE PHYSICS BOASTS A VIBRANT
THEORETICAL DIVISION, WHERE PHYSICISTS DEVELOP THE MATHEMATICAL FRAMEWORKS AND CONCEPTUAL MODELS THAT GUIDE
EXPERIMENTAL SEARCHES AND INTERPRET THEIR FINDINGS. THESE THEORISTS WORK ON THE BLEEDING EDGE OF IDEAS, GRAPPLING



WITH QUESTIONS ABOUT THE FUNDAMENTAL NATURE OF REALITY, THE UNIFICATION OF FORCES, AND THE UNIVERSE'S EARLIEST
MOMENTS.

THeORISTS AT SCIPP ARE DEEPLY ENGAGED IN DEVELOPING EXTENSIONS TO THE STANDARD MODEL OF PARTICLE PHYSICS, THE
HIGHLY SUCCESSFUL BUT INCOMPLETE THEORY THAT DESCRIBES KNOWN ELEMENTARY PARTICLES AND THEIR INTERACTIONS. THIS
INCLUDES EXPLORING THEORIES OF SUPERSYMMETRY , EXTRA SPATIAL DIMENSIONS, AND COMPOSITE MODELS OF FUNDAMENTAL
PARTICLES. THE GOAL IS TO EXPLAIN PHENOMENA NOT ACCOUNTED FOR BY THE STANDARD MODEL, SUCH AS THE ORIGIN OF
NEUTRINO MASS, THE NATURE OF DARK MATTER AND DARK ENERGY, AND THE HIERARCHY PROBLEM.

ANOTHER CRITICAL AREA OF THEORETICAL RESEARCH AT SCIPP INVOLVES QUANTUM FIELD THEORY AND ITS APPLICATIONS TO
COSMOLOGY AND ASTROPHYSICS. THIS INCLUDES STUDYING THE PHYSICS OF THE EARLY UNIVERSE, THE FORMATION OF COSMIC
STRUCTURES, AND THE BEHAVIOR OF MATTER UNDER EXTREME CONDITIONS. THEORISTS OFTEN COLLABORATE CLOSELY WITH
EXPERIMENTALISTS, PROVIDING GUIDANCE ON WHERE TO LOOK FOR NEW PHYSICS AND HELPING TO INTERPRET THE COMPLEX DATA
GENERATED BY EXPERIMENTS.

THE INSTITUTE'S THEORETICAL PHYSICISTS ARE ALSO AT THE FOREFRONT OF DEVELOPING NEW COMPUTATIONAL TOOLS AND
TECHNIQUES TO TACKLE COMPLEX PROBLEMS IN QUANTUM CHROMODYNAMICS (QCD), THE THEORY OF THE STRONG NUCLEAR
FORCE, AND OTHER AREAS OF FUNDAMENTAL PHYSICS. THIS INTERDISCIPLINARY APPROACH, BRIDGING ABSTRACT THOUGHT WITH
OBSERVABLE REALITY, IS WHAT DRIVES PROGRESS IN OUR UNDERSTANDING OF THE UNIVERSE AT ITS MOST FUNDAMENTAL LEVEL.

SCIPP’s CoNTRIBUTIONS TO NEUTRINO PHYSICS

NEUTRINO PHYSICS REPRESENTS A SIGNIFICANT AND HIGHLY PRODUCTIVE AREA OF RESEARCH AT THE SANTA CRUZ INSTITUTE
FOR PARTICLE PHYsICS. NEUTRINOS, OFTEN DUBBED “GHOST PARTICLES” DUE TO THEIR INCREDIBLY WEAK INTERACTIONS WITH
MATTER, HOLD PROFOUND SECRETS ABOUT THE UNIVERSE, INCLUDING THE ORIGIN OF MASS, THE IMBALANCE BETWEEN MATTER
AND ANTIMATTER, AND THE PROCESSES OCCURRING WITHIN STARS. SCIPP’S INVOLVEMENT IN THIS FIELD IS BOTH DEEP AND
BROAD, ENCOMPASSING EXPERIMENTAL DETECTION, THEORETICAL INTERPRETATION, AND THE DEVELOPMENT OF NOVEL DETECTOR
TECHNOLOGIES.

SCIPP RESEARCHERS ARE INTEGRAL MEMBERS OF MAJOR INTERNATIONAL NEUTRINO EXPERIMENTS. FOR INSTANCE, THEIR
PARTICIPATION IN THE SUPER-K AMIOKANDE EXPERIMENT INJAPAN HAS BEEN CRUCIAL FOR PRECISE MEASUREMENTS OF NEUTRINO
OSCILLATIONS. THESE OSCILLATIONS, WHERE NEUTRINOS CHANGE FROM ONE TYPE TO ANOTHER AS THEY TRAVEL, ARE A DIRECT
CONSEQUENCE OF NEUTRINOS HAVING MASS, A DISCOVERY THAT EARNED THE NOBEL PRIZE AND POINTED TO PHYSICS BEYOND
THE STANDARD MODEL. UNDERSTANDING THE PATTERNS AND RATES OF THESE OSCILLATIONS HELPS PHYSICISTS DETERMINE THE
PRECISE MASSES OF NEUTRINOS AND PROBE FUNDAMENTAL SYMMETRIES.

LookING AHEAD, SCIPP SCIENTISTS ARE HEAVILY INVOLVED IN THE DEVELOPMENT AND CONSTRUCTION OF THE DEEP
UNDERGROUND NEUTRINO EXPERIMENT (DUNE), A NEXT-GENERATION NEUTRINO FACILITY THAT PROMISES TO REVOLUTIONIZE
OUR UNDERSTANDING OF NEUTRINO PROPERTIES. DUNE AIMS TO PRECISELY MEASURE NEUTRINO OSCILLATIONS OVER A LONG
BASELINE AND SEARCH FOR CP VIOLATION IN THE NEUTRINO SECTOR, A PHENOMENON THAT COULD EXPLAIN WHY THE UNIVERSE IS
DOMINATED BY MATTER RATHER THAN ANTIMATTER. THE INSTITUTE’S EXPERTISE IN DETECTOR DESIGN, DATA ACQUISITION, AND
ANALYSIS IS VITAL TO THE SUCCESS OF SUCH AMBITIOUS PROJECTS.

THE THEORETICAL CONTRIBUTIONS FROM SCIPP TO NEUTRINO PHYSICS ARE EQUALLY VITAL. THEORISTS EXPLORE VARIOUS
MODELS THAT CAN EXPLAIN THE OBSERVED NEUTRINO MASSES AND MIXING ANGLES, AND THEY INVESTIGATE THE IMPLICATIONS OF
NEUTRINO PROPERTIES FOR COSMOLOGY AND PARTICLE ASTROPHYSICS. THIS SYNERGISTIC APPROACH, \WHERE EXPERIMENTAL
DISCOVERIES INFORM THEORETICAL PREDICTIONS AND THEORETICAL INSIGHTS GUIDE EXPERIMENTAL STRATEGIES, IS A HALLMARK
of SCIPP’s APPROACH TO UNRAVELING THE MYSTERIES OF NEUTRINOS.

THE SEARCH FOR DARk MATTER AT SCIPP

THE ENIGMA OF DARK MATTER, THE INVISIBLE SUBSTANCE THAT ACCOUNTS FOR APPROXIMATELY 850/0 OF THE UNIVERSE'S



MATTER CONTENT, IS A CENTRAL THEME IN THE RESEARCH CONDUCTED AT THE SANTA CRUZ INSTITUTE FOR PARTICLE PHYSICS.
W/HILE ITS GRAVITATIONAL EFFECTS ARE UNDENIABLE, ITS FUNDAMENTAL NATURE REMAINS ONE OF THE MOST PRESSING
QUESTIONS IN MODERN COSMOLOGY AND PARTICLE PHYSICS. SCIPP IS AT THE FOREFRONT OF THE GLOBAL EFFORT TO DETECT
DARK MATTER PARTICLES DIRECTLY AND UNDERSTAND THEIR PROPERTIES.

SCIPP SCIENTISTS ARE ACTIVELY INVOLVED IN DESIGNING, BUILDING, AND OPERATING HIGHLY SENSITIVE DETECTORS AIMED AT
CAPTURING THE ELUSIVE SIGNAL OF DARK MATTER INTERACTIONS. ONE PROMINENT EXAMPLE IS THEIR SIGNIFICANT ROLE IN THE LZ
(LUX-ZEPLIN) EXPERIMENT, A LEADING DIRECT DETECTION EXPERIMENT SITUATED DEEP UNDERGROUND IN SOUTH DAKOTA. L7
UTILIZES A LARGE TANK OF ULTRA-PURE LIQUID XENON TO DETECT THE FAINT FLASHES OF LIGHT AND THE TINY RECOILS OF
ATOMIC NUCLEI THAT WOULD OCCUR IF A DARK MATTER PARTICLE WERE TO COLLIDE WITH A XENON ATOM. THE PRECISION AND
SENSITIVITY OF LZ, BOLSTERED BY SCIPP’S CONTRIBUTIONS, ARE DESIGNED TO PROBE A WIDE RANGE OF DARK MATTER
CANDIDATE MASSES AND INTERACTION STRENGTHS.

BeyonD DIRECT DETECTION, SCIPP RESEARCHERS ALSO CONTRIBUTE TO INDIRECT DETECTION EFFORTS, WHICH SEARCH FOR THE
PRODUCTS OF DARK MATTER ANNIHILATION OR DECAY. THIS CAN INVOLVE ANALYZING DATA FROM TELESCOPES THAT OBSERVE
GAMMA RAYS, POSITRONS, OR OTHER PARTICLES PRODUCED WHEN DARK MATTER PARTICLES INTERACT WITH EACH OTHER IN
DENSE REGIONS OF THE UNIVERSE, SUCH AS THE GALACTIC CENTER. THEORETICAL WORK AT SCIPP ALSO PLAYS A CRUCIAL
ROLE, EXPLORING VARIOUS THEORETICAL CANDIDATES FOR DARK MATTER, SUCH AS WEAKLY INTERACTING MASSIVE PARTICLES
(\WIMPSs) AND AXIONS, AND PREDICTING THEIR EXPECTED SIGNATURES IN EXPERIMENTS.

THE ONGOING PURSUIT OF DARK MATTER AT SCIPP IS NOT JUST ABOUT IDENTIFYING A NEW PARTICLE; IT IS ABOUT
UNDERSTANDING THE FUNDAMENTAL COMPOSITION OF THE UNIVERSE AND THE FORCES THAT SHAPE IT. THE INSTITUTE'S
INNOVATIVE APPROACHES AND COLLABORATIVE SPIRIT ARE ESSENTIAL FOR MAKING PROGRESS IN THIS CHALLENGING BUT
CRITICAL AREA OF SCIENTIFIC EXPLORATION.

GRAVITATIONAL WAVE AsTRoNoMY AND SCIPP

THE ADVENT OF GRAVITATIONAL WAVE ASTRONOMY HAS OPENED A COMPLETELY NEW PORTAL THROUGH WHICH WE CAN
OBSERVE THE UNIVERSE, AND THE SANTA CRUZ INSTITUTE FOR PARTICLE PHYSICS IS ACTIVELY PARTICIPATING IN THIS
REVOLUTIONARY FIELD. GRAVITATIONAL WAVES, RIPPLES IN THE FABRIC OF SPACETIME PREDICTED BY EINSTEIN'S THEORY OF
GENERAL RELATIVITY, ARE GENERATED BY SOME OF THE MOST VIOLENT AND ENERGETIC EVENTS IN THE COSMOS, SUCH AS THE
MERGER OF BLACK HOLES AND NEUTRON STARS. SCIPP’S INVOLVEMENT SPANS FROM THE CUTTING-EDGE INSTRUMENTATION THAT
DETECTS THESE FAINT SIGNALS TO THE SOPHISTICATED ANALYSIS OF THE DATA THEY PRODUCE.

SCIPP RESEARCHERS CONTRIBUTE TO THE ADVANCED LIGO (LASER INTERFEROMETER GRAVITATIONAL-W AVE OBSERVATORY)
AND ADVANCED VIRGO COLLABORATIONS, THE PIONEERING OBSERVATORIES THAT FIRST DETECTED GRAVITATIONAL WAVES.
THEIR EXPERTISE LIES IN VARIOUS ASPECTS OF THESE COMPLEX INSTRUMENTS, FROM DEVELOPING PRECISE OPTICAL COMPONENTS
AND ADVANCED CONTROL SYSTEMS TO DESIGNING AND IMPLEMENTING SOPHISTICATED ALGORITHMS FOR DATA ANALYSIS. THE
SHEER SENSITIVITY REQUIRED TO DETECT THESE MINUSCULE DISTORTIONS IN SPACETIME MEANS THAT EVERY CONTRIBUTION, NO
MATTER HOW SEEMINGLY SMALL, IS CRITICAL.

Beyonp DETECTION, SCIPP PLAYS A CRUCIAL ROLE IN INTERPRETING THE GRAVITATIONAL WAVE SIGNALS AND EXTRACTING
ASTROPHYSICAL INFORMATION. BY ANALYZING THE WAVEFORMS—THE CHARACTERISTIC PATTERNS OF THE GRAVITATIONAL
WAVESTSCIENTISTS CAN DETERMINE THE MASSES, SPINS, AND OTHER PROPERTIES OF THE MERGING OBJECTS. THIS ALLOWS FOR
UNPRECEDENTED INSIGHTS INTO THE LIVES AND DEATHS OF STARS, THE FORMATION OF COMPACT OBJECTS LIKE BLACK HOLES AND
NEUTRON STARS, AND THE TESTING OF FUNDAMENTAL PHYSICS IN EXTREME GRAVITATIONAL ENVIRONMENTS.

FURTHERMORE, SCIPP IS INVOLVED IN EXPLORING THE SYNERGIES BETWEEN GRAVITATIONAL WAVE OBSERVATIONS AND OTHER
FORMS OF ASTRONOMICAL OBSERVATION, SUCH AS ELECTROMAGNETIC RADIATION. MULTI-MESSENGER ASTRONOMY, WHICH
COMBINES SIGNALS FROM GRAVITATIONAL WAVES WITH LIGHT, NEUTRINOS, AND OTHER PROBES, PROMISES TO PROVIDE A MUCH
RICHER AND MORE COMPLETE PICTURE OF COSMIC PHENOMENA. THE INSTITUTE'S FORW ARD-LOOKING APPROACH ENSURES IT
REMAINS AT THE FOREFRONT OF THIS EXCITING NEW ERA OF ASTRONOMICAL DISCOVERY.



SCIPP’s IMPACT AND FUTURE DIRECTIONS

THE IMPACT OF THE SANTA CRUZ INSTITUTE FOR PARTICLE PHYSICS EXTENDS FAR BEYOND ITS IMMEDIATE RESEARCH FINDINGS;
IT PLAYS A VITAL ROLE IN SHAPING THE LANDSCAPE OF FUNDAMENTAL PHYSICS AND INSPIRING FUTURE GENERATIONS OF
SCIENTISTS. THROUGH ITS GROUNDBREAKING RESEARCH, SCIPP CONSISTENTLY CONTRIBUTES TO HUMANITY'S COLLECTIVE
UNDERSTANDING OF THE UNIVERSE'S MOST FUNDAMENTAL CONSTITUENTS AND THE FORCES THAT GOVERN THEM. THE INSTITUTE'S
WORK NOT ONLY ADVANCES THEORETICAL KNOWLEDGE BUT ALSO DRIVES TECHNOLOGICAL INNOVATION, OFTEN LEADING TO
SPIN-OFF APPLICATIONS IN OTHER FIELDS.

LOOKING TOWARDS THE FUTURE, SCIPP IS POISED TO CONTINUE ITS LEADERSHIP IN KEY AREAS OF PARTICLE PHYSICS. THE
INSTITUTE IS ACTIVELY INVOLVED IN PLANNING AND DEVELOPING THE NEXT GENERATION OF EXPERIMENTS THAT WILL PROBE EVEN
DEEPER INTO THE MYSTERIES OF THE COSMOS. THIS INCLUDES CONTRIBUTING TO PROPOSED UPGRADES OF EXISTING FACILITIES
AND EXPLORING ENTIRELY NEW EXPERIMENTAL PARADIGMS. THE PURSUIT OF UNDERSTANDING DARK MATTER, DARK ENERGY, AND
THE FUNDAMENTAL PROPERTIES OF NEUTRINOS REMAINS A CENTRAL FOCUS, WITH NEW GENERATIONS OF DETECTORS AND
ANALYSIS TECHNIQUES BEING DEVELOPED.

FURTHERMORE/ SCIPP IS INCREASINGLY ENGAGED IN INTERDISCIPLINARY COLLABORATIONS THAT BRIDGE PARTICLE PHYSICS WITH
COSMOLOGY, ASTROPHYSICS, AND EVEN AREAS LIKE CONDENSED MATTER PHYSICS. THIS CROSS-POLLINATION OF IDEAS IS
ESSENTIAL FOR TACKLING THE MOST COMPLEX SCIENTIFIC CHALLENGES. THE INSTITUTE REMAINS COMMITTED TO FOSTERING A
DIVERSE AND INCLUSIVE RESEARCH ENVIRONMENT , RECOGNIZING THAT A \WIDE RANGE OF PERSPECTIVES IS CRUCIAL FOR SCIENTIFIC
BREAKTHROUGHS.

THE CONTINUOUS TRAINING OF GRADUATE STUDENTS AND POSTDOCTORAL RESEARCHERS AT SCIPP ENSURES A VIBRANT
PIPELINE OF TALENT FOR THE GLOBAL SCIENTIFIC COMMUNITY. BY PROVIDING HANDS-ON EXPERIENCE WITH CUTTING-EDGE
RESEARCH AND FOSTERING CRITICAL THINKING SKILLS, THE INSTITUTE EQUIPS ITS TRAINEES TO BECOME THE INNOVATORS AND
LEADERS OF TOMORROW. THE LEGACY OF SCIPP IS NOT JUST IN THE DISCOVERIES IT MAKES TODAY, BUT IN THE SCIENTIFIC
ENDEAVORS IT INSPIRES FOR THE FUTURE.

FREQUENTLY AskeD QUESTIONS ABouT SCIPP

Q: WHAT IS THE PRIMARY MISSION OF THE SANTA CRUZ INSTITUTE FOR PARTICLE
PHysics (SCIPP)?

A: THE PRIMARY MissIoN ofF SCIPP Is To CONDUCT CUTTING-EDGE RESEARCH INTO THE FUNDAMENTAL CONSTITUENTS OF
MATTER AND ENERGY, THE FORCES THAT GOVERN THEM, AND THE ORIGINS AND EVOLUTION OF THE UNIVERSE. THIS INVOLVES A
DUAL APPROACH OF EXPERIMENTAL AND THEORETICAL INVESTIGATIONS, ALONGSIDE THE EDUCATION AND TRAINING OF FUTURE
SCIENTISTS.

Q: WHICH MAJOR PARTICLE PHYSICS EXPERIMENTS IS SCIPP INVOLVED IN?

A: SCIPP IS INVOLVED IN SEVERAL MAJOR INTERNATIONAL EXPERIMENTS, INCLUDING SUPER-KAMIOKANDE AND THE DEEP
UNDERGROUND NEUTRINO ExPERIMENT (DUNE) FOR NEUTRINO PHYSICS, AND THE LZ (LUX-ZEPLIN) EXPERIMENT FOR DARK
MATTER DETECTION. THEY ALSO CONTRIBUTE TO GRAVITATIONAL WAVE OBSERVATORIES LIKE LIGO AND VIRGO.

Q: How poes SCIPP CONTRIBUTE TO THE SEARCH FOR DARK MATTER?

A: SCIPP CONTRIBUTES TO THE SEARCH FOR DARK MATTER THROUGH DIRECT DETECTION EXPERIMENTS LIKE LZ, BY DESIGNING
AND OPERATING HIGHLY SENSITIVE DETECTORS THAT AIM TO CAPTURE THE FAINT SIGNALS OF DARK MATTER PARTICLE
INTERACTIONS. THEY ALSO ENGAGE IN THEORETICAL WORK TO EXPLORE DARK MATTER CANDIDATES AND THEIR POTENTIAL
SIGNATURES.



Q: WHAT roLE DOES SCIPP PLAY IN GRAVITATIONAL WAVE ASTRONOMY?

A: SCIPP RESEARCHERS ARE INSTRUMENTAL IN THE DETECTION AND ANALYSIS OF GRAVITATIONAL WAVES GENERATED BY
COSMIC EVENTS LIKE BLACK HOLE MERGERS. THEY CONTRIBUTE TO THE INSTRUMENTATION OF OBSERVATORIES SUCH AS LIGO
AND VIRGO AND DEVELOP SOPHISTICATED DATA ANALYSIS TECHNIQUES TO EXTRACT ASTROPHYSICAL INFORMATION FROM
THESE FAINT RIPPLES IN SPACETIME.

Q: How poes SCIPP CONTRIBUTE TO THE EDUCATION OF FUTURE SCIENTISTS?

A: SCIPP PROVIDES EXTENSIVE TRAINING OPPORTUNITIES FOR GRADUATE STUDENTS, POSTDOCTORAL RESEARCHERS, AND
UNDERGRADUATE STUDENTS. THIS INCLUDES HANDS-ON RESEARCH EXPERIENCE, MENTORSHIP FROM LEADING PHYSICISTS, AND
INVOLVEMENT IN CUTTING-EDGE PROJECTS, PREPARING THEM FOR CAREERS IN ACADEMIA AND BEYOND.

Q: WHAT ARE THE MAIN AREAS OF THEORETICAL RESEARCH AT SCIPP?

A: THE THEORETICAL RESEARCH AT SCIPP FOCUSES ON DEVELOPING EXTENSIONS TO THE STANDARD MODEL OF PARTICLE
PHYSICS, EXPLORING QUANTUM FIELD THEORY AND ITS COSMOLOGICAL APPLICATIONS, AND INVESTIGATING THE FUNDAMENTAL
NATURE OF DARK MATTER AND DARK ENERGY. THEY ALSO WORK ON UNDERSTANDING QUANTUM CHROMODYNAMICS (QCD)

Q: How poes SCIPP COLLABORATE WITH OTHER INSTITUTIONS?

A: SCIPP ACTIVELY PARTICIPATES IN LARGE INTERNATIONAL COLLABORATIONS, \WORKING ALONGSIDE SCIENTISTS FROM
UNIVERSITIES AND RESEARCH INSTITUTIONS WORLDWIDE. THIS GLOBAL COLLABORATION IS ESSENTIAL FOR TACKLING THE
COMPLEX AND LARGE-SCALE NATURE OF MODERN PARTICLE PHYSICS EXPERIMENTS.

Q: WHAT ARE SOME OF THE LONG-TERM GOALS OF RESEARCH AT SCIPP?

A: LONG-TERM GOALS INCLUDE A DEEPER UNDERSTANDING OF NEUTRINO PROPERTIES AND THEIR ROLE IN THE UNIVERSE, THE DIRECT
DETECTION AND CHARACTERIZATION OF DARK MATTER PARTICLES, THE EXPLORATION OF PHYSICS BEYOND THE STANDARD
MODEL, AND THE CONTINUED ADVANCEMENT OF GRAVITATIONAL WAVE ASTRONOMY.
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