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Observing binaries

« ground based observations
« MTA CSFK KTM CSI - Piszkéstet6
« ELTE GAO - Szombathely
 Baja Observatory — Baja

e space missions

 GAIA (petabytes of data during 5
years operational
period)

« Kepler (K2)
e CoRoOT
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Observing and modeling binaries

 there are a lot of space missions
 there are a lot of binary and multiple system
« — we get a lot of data

- this requires automated light curve modelling and analysing
packages

 Phoebe (Wilson-Devinney code)

* binary — multiple systems

- paralelization (CPU, GPU). ops 1 ~ -

- s
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Complex Analysis of Today's and Future
Space Photometry of Multiple Stellar and
Planetary Systems

* PI: Dr. Tamas Borkovits

« 15 years development (binary and triple stellar systems)
* Dr. Emese Forgacs-Dajka, senior researcher

* N-body on GPU, CPU/GPU development
e Janos Sztakovics

« Tamas Hajdu
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Modelling binary stellar systems

 Now we have Tamas Borkovits's code for modelling binary and
triple, hierarchical triple stellar systems and two gravitationally
bound binary systems.

« We would like to

refine some parts of it
change some algorithms for more accurate ones

standardize, modularize the different parts of the code for
mutual interoperability

accelerate computation by means of GPU paralelization

iInvolving multiple stellar systems and exoplanet systems
also

2017-06-23
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Modelling binary stellar systems

 Why it is useful to modelling binary and multiple stellar
systems?

« to determine the stars' physical parameters
 masses (generally only an upper limit of them)
e potential field — inner structure of the star
 star evolution

 orbital elements (like as semi-major axis) and stellar type
define the habitable zone
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Orbital elements
e Initial parameters:
 orbital parameters

e eccentricity

semi-major axis

inclination

argument of pericentre

longitude of ascending node

time of periastron passage
 stellar parameters

e radius, mass

 effective temperature

e based on Kurutz atmospheric model
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PHOEBE Scientific Reference (Andrej Prsa, Villanova University)
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Orbital parameters

« stellar positions are calculated by solving Kepler equation with
Newton-Raphson method

e we using a co-rotating system in the center the primary star
Au

PHOEBE Scientific Reference (Andrej Prsa, Villanova University)
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Orbital parameters
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Radiative properties

« we can calculate the emitted intensity for every surface element
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PHOEBE Scientific Reference (Andrej Prsa, Villanova University)
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. * load parameters
init_gpu

 calculate surface grid

» solve Kepler equation with Newton-Raphson method
M = FE — esin(F)

« calculate initial surface element
positions in the plane of orbit

gxanary clrcle
T - TE=a

* and in the plane of sky.

« calculate:
calc surface br. /

* horm vector 1

surface area [N

cos(gamma)

temperature

gravity acceleration

PHOEBE Scientific Reference (Andrej PrSa, Villanova University)
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Surface grid

2017-06-23

Light curve modeling of eclipsing binary stars

16/30




GPU Day 2017 - THE FUTURE OF MANY-CORE COMPUTING IN SCIENCE

Lightcurve
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The Roche model

Dimensionless gravitational potential:

_1 1 _pA 172 2 (1 _ ;2
Q_p+q<\/52+p2—2m5 52>+2F (L +a)p* (1 -v?)

where:
«q the ratio of the secondary and primary star masses

) distance | semi-major axes

* p radius | semi-major axes 0.6
at a surface element oal

A, v functions of polar angles o:|
*F ratio between the N
rotational and orbital

angular velocity

 To calculate surface radii we
have to use Newton-Raphson ®¢ — =5 % " 05~~~ 1 " 15

1 ) . xod o . . . .
or/land Brent's method PHOEBE Scientific Reference (Kﬂdej Pr3a, Villanova University)
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Computational prices
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Computational prices

2500
2000
1500 ml
m2
] 3
1000 m4
m5
500

CPULIR CPUl1 GPUL1IR GPU1l CPU2R CPU2 GPU2ZR GPU2
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Computational prices
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Other features

e tidal distortions of close binaries (Roche - model)
e gravity darkening

 limb darkening

 reflection

 light-time variation

 the inverse problem

 orbital and stellar parameters from the light (and radial
velocity) curve

e using Markov chain Monte Carlo
 multiple stellar system and exoplanet modelling

« GUI for setting initial parameters
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