Two key equations we want to solve:

0q; 1A m; 0q;

1
3 g, N =0

di(q) = il

“Standard” (classical) SPH:

AV; = AV, = 2 pi:ijW('rj,hi)
Pi J
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Can derive equations of motion & correction terms from Lagrangian:

N N
N . 4 1
L(q7 q) — 5 Zmiriz_zmiui (,/51((1) — —7Thl3 ‘,7 Nngb =0
i=1 i=1

- Manifestly energy & entropy conserving

Saturday, March 9, 13



Can derive equations of motion & correction terms from Lagrangian:

N N
1 Z . Z 47

- Manifestly energy & entropy conserving
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Can derive equations of motion & correction terms from Lagrangian:

I, 2 N 4 I
_Egmir?_;n”liui gbl(q)z?ﬂ-h?A~1 Nngb:O
d OL OL B 0p;
E 8% B an _]:ZlA] 6’q,~
dV,‘
Jaar :_lex’[ 2f’JVW’J( i)+ yzfﬂVWu(h )}
J
_ xv] hl‘ ayl hi 6)71 —1
(e i
xj \3y; Oh; 3y; Oh;

- Manifestly energy & entropy conserving
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Want to eliminate multi-valued pressures at contact discontinuities:

N
_ v L
Y al/vYwr (1 (Ritchie & Thomas, Read et al.,
Fi=yi = [ Z mj Aj Wi; (h’)] Price et al., Saitoh & Makino)
—

AV, = m; (é)l/7 _ - 1_) M Wi

1
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Want to eliminate multi-valued pressures at contact discontinuities:

N
_ v L
Y al/vYwr (1 (Ritchie & Thomas, Read et al.,
Fi=yi = [ Z mj Aj Wi; (h’ )] Price et al., Saitoh & Makino)
—

AV, = m; (é)l/7 _ - 1_) M Wi

1

But *avoid™ too much dissipation & huge neighbor numbers/kernel problems:

~ 1
AV;:— RZZZW(TJ,}ZZ)
J

T;
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Want to eliminate multi-valued pressures at contact discontinuities:

N
— Y
‘1

Saturday, March 9, 13



Want to eliminate multi-valued pressures at contact discontinuities:

N
1 Y
= | S myAl Wiy ()|
j=1

N — _
dv; 2 : L1 fij P , Jji P
]:1 l ]
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Want to eliminate multi-valued pressures at contact discontinuities:

N
_ 1 Y
P=y/ = [ijAjM W,-j(hl-)]
j=1

dv; . flJPl , fjiP'

ds — = 2 m; (AZA]) K |:}—)2/»y vlu/l](hl) | Pz/,y
j= z J

£ = _( hi 81—1””) [1 h; On;

v 3AY mya; Ol -3 Oh,
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SPH in Pressure-Entropy Formulation

SURFACE TENSION IS FIX-ABLE

R e o

e e 1L

m
:
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m ! !
: : W

Density Formulation (Standard)

Pressure-Entropy Formulation
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SPH in Pressure-Entropy Formulation
SURFACE TENSION IS FIX-ABLE

Density Formulation (Standard)
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SPH in Pressure-Entropy Formulation
SURFACE TENSION IS FIX-ABLE

Density Formulation (Standard)

Athena (with magnetic va = Cs)
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Density-Entrop
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10 [ Density-Entropy Formulation | 10[ Pressure-Energy Formulation | 10 Pressure-Entropy Formulation
 x=X=m, ‘ - x=(y-1)U, , X=1 : - x=mA'" , X=1 .
8 | oE/E = 1.4e-4 8| SE/E =7.7¢-4 1 8 SE/E =73e-5 ;
: Radial Velocity — Particle Mean |
[ Density vo0anes Particle Scatter - » :
6f —— |0g(Temperature) 6 a,  — — - Analytic i 6f A J
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0 '--'A il rend P BN 1 O L.~ ) ~ S T L 0 ’ ~ 1 X
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Radius Radius Radius
107 F"réséu're'-E'nérQy' Formulaton 10 -F"rés'su're'-E'nt'rdp{/ Formulaton - Morris96/Abel1 1 '(Nor'\-l'.a'gr'arligiah)' -
' Drop Vh Terms (Non-Conservative) ' Drop Vh Terms (Non-Conservative) ' (Non-Symmetric Difference in EOM) |
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10

| x=X=m
8 3E/E =1.4e-4
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SPH in Pressure-Entropy Formulation

Density-Entropy  0.35Gyr Pressure-Entropy
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SPH in Pressure-Entropy Formulation

Density-Entropy  0.35Gyr Pressure-Entropy
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Pressure-Entropy Density-Entropy

Pressure-Entropy
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Caution: Artificial Viscosity & Particle Order

z=29.9 box=200/h kpc(phys)

Saturday, March 9, 13



Caution: Artificial Viscosity & Particle Order

z=29.99 box=200/h kpc(phys)

- worse 1f we neglect timestepping 1ssues
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Caution: Artificial Viscosity & Particle Order

z=29.99 box=200/h kpc(phys)

- “o0ld” SPH instead now
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Caution: Artificial Viscosity & Particle Order

z=29.9 box=200/h kpc(phys)

- new SPH with timestep limiter
& better artificial viscosity
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Caution: Artificial Viscosity & Particle Order:
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Caution: Artificial Viscosity & Particle Order:
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Caution: Artificial Viscosity & Particle Order:
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Mixing:

Too Little Too Much
“Blobs” — :—
K-H C-SPH P-SPH Moving AMR

Cooling: Mesh
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Mixing:

Too Little Too Much
“Blobs” — :—
K-H C-SPH P-SPH Moving AMR
Cooling: Mesh
O(1) O(2) (machine
Angular w
Momentum: AMR Moving P-SPH

Fixed Grid Mesh C-SPH
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Mixing:
“Blobs”

K-H

Cooling:

Angular

Momentum:

Galilean
Invariance:

l Too Little Too Much I
C-SPH P-SPH Moving AMR
Mesh
O(1) O(2) (machine
l errors errors? accuracy)
AMR Moving P-SPH
Fixed Grid Mesh C-SPH
(error grows (re-mesh (machine

with velocity) eITors) accuracy)
— |

AMR Moving P-SPH
Fixed Grid Mesh C-SPH
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|Poorer]| (~ smoothing) (~ cell)
Resolution P-SPH C-SPH P-SPH Grid
Strong (Adiabatic) (Radiative) Codes
Shocks:
Conservation O(0) O(2) (~machine)
brrors C-SPH Grid P-SPH
(non-Lagrangian) Codes C-SPH
(Reimann) (Lagrangian)
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(~ cell)

|Poorer]| (~ smoothing)
— |

Resolution P-SPH C-SPH P-SPH Grid
Strong (Adiabatic) (Radiative) Codes
Shocks:
.Conservation O(0) O(2) (~machine)
Brrors C-SPH Grid P-SPH
(non-Lagrangian) Codes C-SPH
(Reimann) (Lagrangian)
M>1 M>01  M>0.03 M > 0.001
SubSOIliC —
Turbulence: C-SPH C-SPH Moving Spectral
P-SPH P-SPH Mesh Methods

(old/standard AV) (modern AV)
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|Poorer]| (~ smoothing) (~ cell)
—. |
Resolution P-SPH C-SPH P-SPH Grid
Strong (Adiabatic) (Radiative) Codes
Shocks:
.Conservation O(0) O(2) (~machine)
RITOTS C-SPH Grid P-SPH
(non-Lagrangian) Codes C-SPH
(Reimann) (Lagrangian)
M =1 M 2 0.1 M = 0.03 M 2 0.001
Subsonic —
Turbulence: C-SPH C-SPH Moving Spectral
P-SPH P-SPH Mesh Methods
(old/standard AV) (modern AV)
V-B#0 (refinement (constrained
MHD: (div-cleaning) errors?) transport)
|
(Errors) : SPH AMR Fixed
Moving Mesh Grid
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Public version (in GADGET-2):
arXiv: 1206.5006

http://astrosim.net/code/doku.php?id=home:code:nbody:multipur

DOSe

Not-so public version (GADGET-3): contact me
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