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Spherlcal Boltzmann kinetic equation

r — radial distance
p — particle momentum
@=arccosu = Z(r, p)
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Collisional integral
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- Stf is the same for any radius r

- Stf mixes energies and angles

(r,s,e, 1) =(radius, particle type, particle energy, particle angle)
4D array — 1D array



Collisional matrix

St fi =jd3pjd3pk d3|3|W(ij|k|)(fk fl B fi fj)

on finite grid
after integration over azimuth angle*
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Collisional matrix can be calculated only once
before time integration

*Prakapenia, et al. Journal of Computational Physics, vol. 373, p. 533, (2018)
Prakapenia, et al. Physics of Plasmas, vol. 27, p. 113302, (2020)



From integro-differential equations with
partial derivatives to ODE system
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Second-order piecewise linear reconstruction scheme (PLM):
Mignone, Journal of Computational Physics (2014)
Fuksman, Mignone, The Astrophysical Journal Supplement Series (2019)
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Jawcoby matrix of ODE
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8 lines from transport

. N1 blocks from Stf

Block size is N2*N2
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Solving ODE system

df

We have a stiff system therefore we apply BDF method

- BDF1:

Ynt1 —Yn = hf(trH»l 3 yn—l)

(this is the backward Euler method)
« BDF2:
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Yni2 = Uit + 3Un = Thf(tns2, Yns2)

Nonlinear algebraic system of equations - BDF3,
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Ynd — 1¥ne2 + ip¥nen — 1¥n = TS (tnss, Yns)

+ BDF4:
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- BDF5:
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Newton-Raphson method with BiCGStab for SLAE - BDFs:
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Number of operations and
parallelization

4 )

At each step we have to calculate the right hand side and the Jacobi matrix of the system

N, times: %zcaﬂy fsf, = N,;N3—operations
Y

. /
Then we solve SLAE \
BiCGStab has matrix on vector product: N1N22 — operations

number of iterations L << N2
\ J

Collisional integral is the bottleneck !
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Numerical experiment: timing for one step
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Conclusions

* Spherical relativistic Boltzmann code for binary processes
* CPU OpenMP realization works well for a small grid
* It requires GPU realization for a larger grids

* Possible applications:
radiation/neutrino transfer in static/expanding medium
Thermalization during expansion of pion/quark-gluon plasma
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