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physical processes including:
.Gravitational heating

«.Ram pressure stripping and
turbulent mixing

.Chemical dependant radiative
cooling

.Star formation and black hole
growth

Supernova feedback




e-refine
ty, internal energy,

.Uses a “Riemann” solver tp determine the flux through
the cell faces. Enables shocks and contact
discontinuities to accurately modelled




Very memory efficient and widely adopted

Much faster than AMR codes

.Requires the use of an “artificial viscosity” to
generate the energy released in shocks when
particles approach each other

.Tends to smooth over shocks and contact
discontinuities

.Confined to only refine on the density — lacks the
flexible refinement schemes which AMR codes have



I

K/K Zﬂai ELant! 8 #i? " ! -
R B é b -

o gebbbobdsd i%*
2 274

0l

i %
/ —

T - 3

o3 Sl | L .

aratld - | -
P G'(]d et-z | L 4 3
rie ? y B . o ’ ] 29

1117 | EY R
0.01 0. 1 ’ ! ~30

r/ Ty J \ )

AN

| | | | | | | | 1 1 | | | | | |
0 5,0x10% qumf""’ 1.5%10%

— 252




«Model clusters lack complexity of large cosmological
simulations

.Significantly less computationally demanding allowing large
suites of simulations to be run

.Easy to adjust initial configuration allowing us to
systematically explore different physical effects
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The difference in the core entropy between the two simulations
IS generated at the time of core collision at ~1.8 Gyrs.
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time

Riemann Solver constructs left and right states based on sound

speed and fluid velocity in the left and right states.
Given that the reference frame of the boundary is fixed, we can
work out how much material can interact at the interface based on

the sound speed relative to the fluid velocity within a given time
step.
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Application of a super-
sonic bulk flow
drastically alters the
Riemann problem
conditions
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. The final spatial distribution of particles (tracer particles in
the case of FLASH) with the lowest Iinitial entropies (we select
the central 5% of particles/tracer particles in both clusters). Red
particles belong to one cluster and the blue to the other.
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o Logarithmic projected entropy maps of the default
merger simulation at t=2.3 Gyr.



densities relative to the critical density: -2,-7,0,+1,+2 0
«(See Crain et al., 2009, arXiv:0906.4350)

« OWLS - Over Whelmingly Large Simulations project

.Suite of over 50 large cosmological simulations

.Same physics as in GIMIC

.Determines the effect of varying different sub-grid

physics

(see Schaye, 2009, arXiv:0909.5196)
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. Global Star Formation Rate Against Time
L L L

10 |- |
I ref 4 — FLASH 7. = 5/3 i
ref 5 — FLASH 4 = 5?3
I ref B — FLASH %o = 573 |
ref 7 — FLASH ¥ = 5/3
ref 8 — FLASH 4o = 573
Gadget ¥ . = 4/3 ————-..
-] 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1
0 100 200 300 400

tirme [ Myr]






SFR [Mﬁc-l-ur }”—_1]

1a0

Global Star Formation Rate ﬁxgﬂmat Time

o SFE oenly — FLASH |
kinetic feedback only — FLAZH
L kinetic /thermal feedback — FLASH |
kinetic /thermal fesdback + z—kicks — FLASH
o S ey — SER oseseieemu
kinetic feedback only — 5PH - === -.
1 1 | 1 1 1 1 1 1 | 1 1 1 | 1 1 | | 1 | | | | | | | | | | | | | | 1 | | 1 1 |
[ 100 200 S0 400

tirme [Myr]




. Global Star Formation Rate Against Time
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and feedback during the creation of non-cool core clusters
which SPH codes have problems dealing with.

.The behaviour of identically implemented sub-grid
techniques shows distinct differences between the two
codes.

-AMR codes demonstrate a much higher effective mass
loading than in SPH codes which seem to allow particles to
free stream out of the galaxy much easier.

.ldentical star formation rates can be obtained but the
resulting galaxy physiology shows substantial differences.



Thank you for listening, any
Questions?
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