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HIGH ENERGY ASTROPHYSICS 
High energy astrophysics is the study of objects that release 
electromagnetic radiation of highly energetic wavelengths. It includes X-
ray astronomy, gamma-ray astronomy, and extreme UV astronomy, as 
well as studies of neutrinos, cosmic rays and gravitational waves. 



MODERN ASTRONOMICAL OBSERVATORIES 
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Use a wide variety of tools which include analytical models and 
computational simulations. Analytical models are generally better for 
giving insight into the heart of what is going on. Numerical models can 
reveal the existence of phenomena that would otherwise not be seen. 

•  Stellar dynamics and 

evolution  

•  Galaxy formation and 

evolution  

•  Large-scale structure of 

matter in the universe  

•  Origin of cosmic rays  
•  Cosmology models 

•  Planetary formation 

THE ASTROPHYSICAL SCENARIOS 

•  Radiative Gas-dynamics 

and Hydrodynamics 

•  Magnetohydrodynamics 

and Relativistic MHD 

•  General relativity and 

physical cosmology   

•  Thermodynamics 
•  Astroparticle physics 

•  Gravitational waves 



PLASMAS AT ALL SCALES 



To understand the formation and evolution of stars is essential for 
understanding the evolution of the Universe as a whole: evolution of 
single and binary stars, nucleosynthesis, supernovae and gamma-ray 
bursts, and stellar and circumstellar (magneto)hydrodynamics. 

STELLAR ASTROPHYSICS 
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STELLAR EVOLUTION IN THE UNIVERSE 



THE SUPERNOVA EVENT 
A supernova is a stellar explosion that marks the end of massive stars. 
Are extremely luminous and cause a burst of radiation that often briefly 
outshines an entire galaxy. During this interval a supernova can radiate 
as much energy as the Sun is expected to emit over its entire life span.  



INSIDE CRAB NEBULA 



SUPERNOVA SN1987A 
SN1987A was a supernova in the outskirts of the Tarantula Nebula in the 
Large Magellanic Cloud, a nearby dwarf galaxy. Close enough that it was 
visible to the naked eye. It could be seen from the Southern Hemisphere. It 
was the first opportunity to see a supernova up close. 



It was discovered by Ian Shelton and Oscar 
Duhalde at the Las Campanas Observatory in 
Chile on February 24, 1987, and independently by 
Albert Jones in New Zealand. Four days after the 
event was recorded, the progenitor star was 
tentatively identified as Sanduleak -69° 202.  

SN1987A 



SN1987A was a core-collapse supernova, which should result in a 
neutron star given the size of the original star. Indeed, the neutrino data 
indicate that a compact object did form at the star's core. However, 
astronomers have been searching for it but have not detected it.  

SN1987A - THE MISSING PULSAR 
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PHYSICAL MECHANISM CLASSIFICATION 



A neutron star is a type of stellar remnant that can result from the 
gravitational collapse of a massive star after a supernova. Neutron stars 
are the densest and smallest stars known to exist in the universe; with a 
radius of only about 12–13 km, and a mass of about 1.5–2.0 MSun. 

NEUTRON STARS 



INTERNAL NEUTRON STAR STRUCTURE 

LCARS VIEW 



This kind of pulsars, in which the rotation of the neutron star is 
responsible for the observed luminosity, are known as Rotation-Powered 
Pulsars (RPP). To account for the spindown and energetic of such RPP, 
a dipolar oblique rotator model is proposed for the pulsar. 

NEUTRON STARS 



X-ray astronomy started in 1949 with the detection of X-ray emission 
from the Sun. Giacconi (1962) had to be the detection of solar X-rays 
bouncing off the moon, while the real purpose was a search for 
extrasolar X-ray sources (Sco X-1, Cen X-3, Her X-1).  

NEUTRON STARS 



PLASMA-DYNAMIC EQUATIONS 
Simulation enables us to build a model of a system and allows us to do 
virtual experiments to understand how this system reacts to a range of 
conditions and assumptions. All simulation codes make approximations 
simply by making a choice of what equations are to be solved. 

NUMERICAL 
ANALYSIS 

FLUID MECHANICS COMPUTER SCIENCE 
COMPUTATIONAL 

FLUID 
DYNAMICS 



THE FLASH CODE V4.6 

ASTROPHYSICS 
GEORGE JORDAN 

CS/APPLICATIONS 
ANSHU DUBEY 

SCIENTIFIC DATA ANALYSIS 
MIKE PAPKA 

THE FLASH CENTER 

The Flash Center for Computational Science is the 
home of FLASH, a publicly available multiphysics 
multiscale simulation code. Research projects include 
high-energy density physics, thermonuclear-powered 
supernovae and fluid-structure interactions. 

•  HYDRODYNAMICS:   UNSPLIT PPM AND WENO; SPLIT PPM; 2T+RADIATION 
•  MAGNETOHYDRODYNAMICS:  UNSPLIT STAGGERED MESH; SPLIT 8 WAVE  
•  EQUATION OF STATE:   IDEAL GAS; DEGENERATE PLASMA; MULTIMATERIAL  
•  RADIATION TRANSFER:  MULTIGROUP FLUX-LIMITED DIFFUSION 
•  DIFFUSION AND CONDUCTION:  IMPLICIT WITH AMR 
•  LASER ENERGY DEPOSITION:  GEOMETRIC OPTICS WITH INVERSE BRENSSTRAHLUNG 
•  HEDP:    CORE-COLLAPSE PHYSICS 
•  OPACITY:    CONSTANT; MULTIMATERIAL TABULAR  
•  PARTICLES:    TRACER; MASSIVE; SINK; CHARGED 
•  GRAVITY:    CONSTANT; POINTMASS; PLANAR; SELF GRAVITY 
•  NUCLEAR BURNING   SEVERAL NETWORK  
•  COSMOLOGY    LCDM COSMOLOGICAL FLUID MODEL 
•  MAGNETIC RESISTIVITY, CONDUCTIVITY 
•  PRIMORDIAL CHEMISTRY 

PHYSICS SOLVERS 



THE FLASH CODE V4.6 

ASTROPHYSICS 
GEORGE JORDAN 

CS/APPLICATIONS 
ANSHU DUBEY 

SCIENTIFIC DATA ANALYSIS 
MIKE PAPKA 

THE FLASH CENTER 

FLASH consists of inter-operable modules that can 
be combined to generate different applications. A 
simple and elegant mechanism exists for 
customization of code functionality without the need 
to modify the core implementation of the source. 

•  DRIVER:    SPLIT; UNSPLIT 
•  GRID:    UNIFORM GRID; AMR (PARAMESH); AMR (CHOMBO)  
•  GRID PARTICLES:   LAGRANGIAN FRAMEWORK  
•  IO:     HDF5; PNETDF 
•  MONITOR:    MPI TIMERS; HOOKS FOR TAU 
•  VISUALISATION:   IDL APP; VISIT2.8, YT FLASH  
•  PARALLELISATION:   MPI; OPEN MPI  
•  GEOMETRY AVALIABLE:  1-2-3D CARTESIAN; 2-2.5D CYLINDRICAL;  

    1-1.5-2 SPHERICAL; 2D POLAR  
•  GRID SOLVERS:   MULTIGRID; MULTIPOLE; BARNES-HUT TREE; PFFT, 

    DIRECT SOLVERS FOR UNIFORM GRID 
•  MULTISPECIES 
•  RUNTIME PARAMETERS 

INFRASTRUCTURE 



A new FLASH problem is created by making a new directory in the FLASH 
setups directory. Every simulation directory contains routines to initialize 
the FLASH grid. The files that are usually included in the Simulation 
directory for a problem are:  
Conf ig , Makef i le , S imulat ion_data.F90, S imulat ion_in it .F90, 
Simulation_initBlock.F90, flash.par, Simulation_initSpecies.F90, 
Grid_bcApplyToRegionSpecialized, IO_writeIntegralQuantities. 

THE PHYSICS INPUT 

MAGNETOHYDRODYNAMIC EQUATIONS 



The stability of the discretization is generally established numerically 
rather than analytically as with simple linear problems. The plasma 
equations admit shocks, and contact surfaces. For reactive flows, a 
separate advection equation must be solved for each chemical species. 

GRID STRUCTURE AND ADAPTIVE MESH 

NUMERICAL METHOD 



Important techniques of computational astrophysics include particle-in-cell 
(PIC), N-body simulations, Monte Carlo methods, smoothed particle 
hydrodynamics (SPH) and grid-based methods for fluids. Also, methods 
from numerical analysis for solving ODEs and PDEs are used. 

MODULAR CODE STRUCTURE 



A computer cluster consists of a set of loosely or tightly connected 
computers that work together so that they can be viewed as a single 
system. Unlike grid computers, computer clusters have each node set to 
perform the same task, controlled and scheduled by software. 

COMPUTATIONAL INFRASTRUCTURE 



Important techniques of computational astrophysics include particle-in-cell 
(PIC), N-body simulations, Monte Carlo methods, smoothed particle 
hydrodynamics (SPH) and grid-based methods for fluids. Also, methods 
from numerical analysis for solving ODEs and PDEs are used. 

NUMERICAL VISUALISATION 



ASTROPHYSICAL SIMULATIONS 
There are a suite of standard test problems. Many of these problems have 
analytical solutions and most of the problems that do not have analytical 
solutions produce well-defined flow features that have been verified by 
experiments and are stringent tests of the code. 



ASTROPHYSICAL SIMULATIONS 
The Sedov explosion is a purely hydrodynamical test to check the code’s 
ability to deal with strong shocks and non-planar symmetry. It involves the 
self-similar evolution of a cylindrical blast wave from a delta-function initial 
pressure perturbation in an otherwise homogeneous medium.  



ASTROPHYSICAL SIMULATIONS 
The jet is injected at the left boundary, where the conditions must take into 
account the initial transient. The jet density is in units of the on-axis initial jet 
density in ideal conditions. The boundary condition on the left can be written, 
for the different variables, as:  



ASTROPHYSICAL JET PROPAGATION 
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ASTROPHYSICAL SIMULATIONS 
The disk structure begins deflecting from a Keplerian one at a certain point 
to adjust itself to the boundary conditions at an NS surface. The transition 
from a Keplerian to a sub-Keplerian flow may proceed smoothly, although it 
is very likely that a perfect adjustment never occurs.  



ASTROPHYSICAL 2D ACCRETION DISK 
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INSTABILITIES ON A MAGNETIZED TORUS 
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THE LONG GAMMA RAY BURSTS 
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INTERACTION OF SOLAR WIND AND MARS 
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STELLAR AND PLANETARY FORMATION 



COMPUTATIONAL FLUID BIBLIOGRAPHY 
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FINAL REMARKS 
During the last three decades, technological advances have allowed us to observe 
the cosmos with unprecedented accuracy, making astrophysics and cosmology 
branches of science driven forward by observations. This excitement and growth 
has attracted more people to enter this area because the astrophysics is living a 
golden age. You are welcome! 



END TRANSMISSION 
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RIO GRANDE - RS - BRAZIL - 09.19.2019 


