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Motivation: Dark Energy
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Clustering Dark Energy

52 +3H(p+p) + V- [(p+p)7] =0

Z A+ Hi+ (0 V)T = — o (ﬁpﬂ?%)—ﬁ@

5 Sefusatti and Vernizzi 2011
p=p+0p

VRN FoS p = p(w + c26)

Background Perturbations

Quintessence: K-essence or DE interactions:
perturbations are allowed to grow perturbations are allowed to collapse
only at the horizon scale on all scales



Clustering Dark Energy

“3(1 + w)
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1+ z

162 Mpc/h 32 Mpc/h 6 Mpc/h

Alimi et al. 2009

Goal: hi-resolution cosmological simulations of Dark Matter +
Dark Energy perturbations (+ baryons)




—uler equations In quasi-conservative form

Dark Energy:

22 (1 + )V - (AD) =(~30 E(a)(c — w)(A — 1 - w)
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A=14+w+(14+c2)6, P=c:A, E(a) = H(a)/H,y

Baryonic fluid:
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Numerical methods
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Godunov method
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where Ui+12(0) is the exact
similarity solution U(x/t) of the
Riemann problem:
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Rliemann
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Genuinely non linear

Rarefaction: Riemann Invariants
Shock: Rankine-Hugoniot conditions



Rarefaction: Riemann Invariants

dU,  dU;

1+c2 At

Shock: Rankine-Hugoniot conditions




Results - exact solution of the

Riemann problem

1. Rarefaction - rarefaction

2. Rarefaction - shock

3. Shock - rarefaction

4. Shock - shock
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Rarefaction - Shock
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Shock - Rarefaction

1.0F ' - 0.00
0sl —0.02}
—0.04}
0.6}
C _O _I < > —0.06}
STV 0.4} :
—0.08} - ]
— ¢t =0.02
0.2F i —0.10}F t 2060 .
— t=1.80
OO = L ! L = _ I | !
0.0 0.5 1.0 1.5 2.0 0'1%.0 0.5 1.0 1.5
i h
1.0F
0.000
0.8} 1 —0.002}
0.6l 1 —0.004}
Cs:O .01 < = _0.006}
0.4} .
_0008 B - t 20.02 7
0.2F 1 o010l — ¢t=0.60 |
— t=1.80
OO = ! L ! 4 __ _l |
0.0 0.5 1.0 1.5 2.0 0'01%.0 0.5 1.0 1.5




Shock - Shock
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Approximate Riemann Solvers

HLL

S+FL — S_FR—|—S_S+(UR — UL)

Farrn = [

AcoustiIC

Characteristic equations
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Future prospects

+Testing Riemann Solvers
- Implement Riemann Solvers in Ramses

+ First cosmological runs

Thank you!



