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Astrophysics with the SPH code
PHANTOM

A code from D.]. Price
presented by G. Laibe
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A short note about SPH
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Code genesis

SPH useful for:
free boundaries
complex geometry
resolution in mass
advected bodies

But:

Code Who Limitations

Gadget 2 Springel Old hydro solver

PHANTOMSPH

Private

Price et al. (2018)




Code philosophy
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PHANTOM KDtree
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Fast, low-memory, parallel (OPEN MP/MPI) for neighbour findings




Discontinuities

Discontinuity term:

1

— 1 5 \2
Ashock = — Qupa E :mbvsig,a§(vab +Tab) " Fap(ha) —_— artificial viscosity
b

1| Fap(ha) Fab(hb)] ificial ivi
+ My Ve, (g — Up) = [ + —_—> artificial conductivity
; g( )2 Qapa prb

+ Aprtres, (42) —_—) artificial resistivity

Signal velocity:

R . B C
vl = ‘C‘_—b| no self-gravity 5
Pab

Shock capturing
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Conservation properties

Solver: exact conservation for
e linear momentum

« angular momentum

* energy

Symplectic time stepping (Leap Frog)

Individual timestepping:
* breaks conservation
* keep stability




Visualisation

Price (2007)

Designed for SPH, GIZA core
Public, GNU licence

Publication oriented (plot format, plotting options, column density averaging, analytic solutions...)

http:/ /users.monash.edu.au/~dprice/splash/




Lense-Thirring precession

Qext,a = _V(I)a, + Vg X Qp,a

Nealon, Price and Nixon (2015)




1000 AU

Price et al. (2012)




Dust in detail: two-fluid algorithm

Laibe and Price (2011, 2012 a,b), Ayliffe et al. (2012)
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From dust in a 1D box... ...to a 3D disc PHANTOMSPH'\




Beware of artificial clumping !

Planet formation requires dust to concentrate a lot!

Dust below the gas resolution: artificial aggregates




Simulating dust and gas

A sound wave in a mixture with small grains:

Analytics (gas and dust)
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Numerics (gas and dust)

Numerics does not match analytics for small grains!




Simulating dust and gas

A sound wave in a mixture with small grains: Very high-resolution:

converged!

Gas and dust
not quite

superimposed

Energy hugely

over-dissipated




From a two fluid model for dust and gas mixtures...

Two fluids equations: mass, momentum and energy conservation:

0
%+V. (pgvg) = 0,

9pa
— + V. = 0,
5 T (0ava)

v,
Po| = +V.VV, pof + K(vqg — V) — VP,

Saffman (1962)

ot

ov
Pd (6—: + Vd-Vvd) = paf — K(vq — vy),

ou P
5 T e Vu= _p_j(v V) + K(Vg = V)

We group the molecules/ particles differently:




.. to single fluid equations

Dual approach (no approximation):

PeVo + PqVy —
p = pg +pa v o= gpg+p , € = pa/p AV = VgV,
g d o ,

One fluid... ...with two phases

—o(V - V) Total mass conserved

— lv [e(1 - €) pAV], Composition evolution

8 _ lV [e(1 — €) pAVAV] + f, Additional anisotropic pressure

p P

Av VP,
+
ls (1 - 6)p

P Av®
= = L V. (v-eAV)+e(AV-VIu+e tv , Energy conserved

(1—6)/3 S

—=—+VvVV
dr ot Laibe and Price (2014 a,b)

— (Av- V)V + %V [(26 -1 sz] , Trivial dissipation term




Single fluid, diffusion limit

Laibe and Price (2014 a,b)
Two fluids: One fluid Price and Laibe (2015)
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PHANTOMSPH
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Dustywave

two fluids formalism one fluid formalism
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Careful: very large grains...




I micron

10 micron

100 micron

I mm

10 cm

Dipierro et al. (2015)




Turbulence in the ISM

Dust, 10 micron Dust-to-Gas Ratio

Dust, 0.1 micron Dust-to-Gas Ratio




HD 142527

Price et al. (2017) - i 0.5 1
column density [g/cm?]

Price et al. (2018)




Updates on the algorithms

Regularisation:
(public)

t=21900 t=46720 t=51100

t=21900 t=46720 t=51100

MULTIGRAIN

t=65700

t=65700

(private) 0.1 pm

0.10 pm _ 0.28 pm
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Hutchinson et al. (2018)




Back to two fluids

Price and Laibe (in prep.)
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In practice

The PHANTOM paper (Price et al. 2018):

Phantom: A smoothed particle hydrodynamics and magnetohydrodynamics
code for astrophysics

The PHANTOM bitbucket:

https://phantomsph.bitbucket.io/#home

The PHANTOM Wiki:

https://bitbucket.org/danielprice/phantom/wiki/Home

The PHANTOM Slack:

https://phantomsph.slack.com

Teaser: PHANTOM+MCFOST = live radiative transfer




