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•Progress: Relativistic Astrophysics since Texas I in 1963

•Promise: Bold Aspirations

•Prospects: Realizable Projects amd Programs in the Near Term
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Relativistic Astrophysics

•Black Holes 

•Neutron Stars

•Gravitational Waves

•Cosmology
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Black Holes
• Kerr metric

• General Relativity

• Event horizon, gravitational and rotational energy 

• Singularities

• Kerr-Newman…
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Black Holes
• Kerr metric

• General Relativity
• Event horizon, gravitational and rotational energy 
• Singularities
• Kerr-Newman…

• Active Galactic Nuclei
• Prime Movers
• Radio Sources, Jets, Blazars
• EHT Imaging
• 0.3 ZeV Cosmic Rays (Amaterasu); TeV g, PeV n

• Dormant Galactic Nuclei
• SgrA*
• Tidal Disruption Events; Quas-Periodic Eruptions

• High Mass X-ray Binaries
• Cyg X1, SS 433…
• Galactic Superluminals

• Gamma Ray Bursts and Core-Collapse Supernovae
• Long
• Short
• Jets
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Black Holes
• Kerr metric

• General Relativity

• Event horizon, gravitational and rotational energy 

• Singularities

• Kerr-Newman…

• Active Galactic Nuclei
• Prime Movers

• Radio Sources, Jets, Blazars

• EHT Imaging

• 0.3 ZeV Cosmic Rays (Amaterasu); TeV g, PeV n

• Dormant Galactic Nuclei
• SgrA*

• Tidal Disruption Events; Quas-Periodic Eruptions

• High Mass X-ray Binaries
• Cyg X1, SS 433…

• Galactic Superluminals

• Gamma Ray Bursts
• Long

• Short

• Jets

• Primordial Black Holes 
• QED in Curved Space Time

• Quantum Gravity
• Wormholes, White Holes…
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Neutron Stars
• Low Mass X-ray Binaries

• Sco-X1…

• Pulsars
• Cosmic Laboratories, Astronomical Tools

• Binary Pulsars and Tests of GR

• Millisecond Pulsars

• Pulsar Wind Nebulae; PeV g; Pevatrons
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Neutron Stars
• Low Mass X-ray Binaries

• Sco-X1…

• Pulsars
• Cosmic Laboratories, Astronomical Tools
• Binary Pulsars and Tests of GR
• Millisecond Pulsars
• Pulsar Wind Nebulae; PeV g; Pevatrons

• Supernovae
• Core collapse etc
• Lensing
• White Dwarf
• Kilonovae; Multi-Messenger Astrophysics

• Magnetars
• Soft Gamma Repeaters
• Fast Radio Bursts
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Gravitational Waves
• Binary Pulsars 

• LIGO – Virgo – KAGRA
• BHB, NSB, BHNSB

• Numerical relativity
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Gravitational Waves
• Binary Pulsars 

• LIGO – Virgo – KAGRA
• BHB, NSB, BHNSB

• Numerical relativity

• nHz Background
• Binary Massive Black Holes

• LISA (Pathfinder, 2035+), TaiJi, TianQin, DECIGO

• B-Modes

• Atom Interferometry
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Cosmology
• Big Bang

• Nucleosynthesis

• Massive Neutrinos

• Baryogenesis

• Inflation

• Alternatives

• Cosmic Microwave Background
• Fluctuations, Polarization, Lensing

15 xii 2023 Shanghai - Texas Symposium



15 xii 2023 Shanghai - Texas Symposium



15 xii 2023 Shanghai - Texas Symposium



Cosmology
• Big Bang

• Nucleosynthesis
• Massive Neutrinos
• Baryogenesis
• Inflation
• Alternatives

• Cosmic Microwave Background
• Fluctuations, Polarization, Lensing

• Dark Matter
• CMB, Large Scale Structure, BAO; Clusters, Galaxies
• WIMPs, Axions, Fields…
• Direct and Indirect Detection, 
• Strong and Weak Lensing

• Cosmography
• Hubble Constant 
• Cosmological Constant
• Standard Model, Near Field Cosmology
• Tensions
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Cosmology
• Big Bang

• Nucleosynthesis
• Massive Neutrinos
• Baryogenesis
• Inflation
• Alternatives

• Cosmic Microwave Background
• Fluctuations, Polarization, Lensing

• Dark Matter
• CMB, Large Scale Structure, BAO; Clusters, Galaxies
• WIMPs, Axions, Fields…
• Direct and Indirect Detection, 
• Strong and Weak Lensing

• Cosmography
• Hubble Constant 
• Cosmological Constant
• Standard Model, Near Field Cosmology
• Tensions

• Narrative History of Galaxies
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Promise
• Black Holes

• Kerr; Magnetosphere; Jet, Disk, Wind Dynamics; Binaries; Environment; UHECR...

• Neutron Stars
• (Magnetic) EoS; SQED Theory, Obs, Expt; FRB; knae, PWN; Emission, Transmission…

• Gravitational Waves
• Open up pHz, mHz, mHz Bands; Strong GR; nHz Background, Sources; BBH Provenance…

• Cosmology
• Dark Matter; Inflation; Neutrinos; Standard Model; Archaeology… 
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Promise
• Black Holes

• Kerr Spacetime; Magnetosphere;Jet, Disk, Wind Dynamics; Binaries; Environment; UHECR...

• Neutron Stars
• (Magnetic) EoS; SQED Theory, Obs, Expt; FRB; knae, PWN; Emission, Transmission…

• Gravitational Waves
• Open up pHz, mHz, mHz Bands; Strong GR; nHz Background, Sources; BBH Provenance…

• Cosmology
• Dark Matter; Inflation; Neutrinos; Standard Model; Archaeology… 
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Expect the Unexpected!



Prospects
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Scientific Discovery is “Logically Unscripted”
• CMB – antenna noise
• Quasars (massive BH) – radio source identifications
• Stellar BHs – X-ray source identifications
• Massive and mutable n’s – checking solar model
• Neutron stars – lunar X-rays 
• Pulsars – interplanetary scintillation
• Gamma ray bursts – nuclear weapons monitoring
• Dark matter – galactic and stellar orbits
• Cosmic acceleration – supernova explosions
• Gravitational lenses – quasar follow up
• Gravitational radiation – pulsar timing
• Massive black hole binaries – LIGO….
• Fast Radio Bursts – transients e.g. NSB, PBH

BIG Surprises still Coming15 xii 2023 Shanghai - Texas Symposium



Top-Down and Bottom-Up Science
• Reductionist Approach

• Celestial Mechanics, Stellar Atmospheres

• EM, Plasma, for Modest Dynamic Range

• Cosmological Subgrid Modeling?

• Connect Data with Simulation using Machine Learning?

• Inductive Approach
• Global Conservation Laws

• Characteristic Length, Time, Mass, Energy Scales 

• Special Sources vs Statistical Sample

Start with Best Observational Clues on Largest Scales15 xii 2023 Shanghai - Texas Symposium



The Future of Relativistic Astrophysicists
• Longstanding, global, existential crises

• Climate, energy, disease, deforestation, flood, drought, fire, resource, inequality…

• Needs adaptive, corrective, innovative and rapid response
• Problems are global
• Space and ground 
• Monitoring requires new instruments and creates large, heterogeneous, datasets
• Machine learning…

• Solutions will involve many fields of science 
• Atomic, biology, chemistry, computational, engineering, fluid, nuclear,  plasma,  radiation…
• Progress at interfaces, requiring boldness to ”fail fast” and supply new insight

• Just like relativistic astrophysics!

• We need to become more broadly proficient
• Learn new fields; resist specialization

We Need to Start Now 15 xii 2023
Shanghai - Texa



Summary
• Relativistic Astrophysics has grown remarkably over sixty years

• Largely unscripted

• Still growing today

• Observational Discovery, Theoretical Foundation, Astrophysics 
• Two way streets

• Data and simulation

• Huge public interest

• Black Holes, Neutron Stars, Gravitational Radiation, Cosmology
• Scientifically entangled  

• Connects to most other areas of physics

• Texas Conferences are great!

15 xii 2023 Shanghai - Texas Symposium
See you in Arizona State University in 2025


