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Perturbations in Cosmology

D < 0: Ghosts c < 0: Gradient m? < 0: Tachyons
Instabilities
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The Acoustic Metric G,

S¢p = jd4x\/jgﬁ(¢: 0u P, VuVy )

FRW
Guv ™ X
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The Gist

Each d.o.f. propagates in its own metric which can be different from
Iuv

When is it consistent even to talk about a evolution?

Eigenvalue structure of the acoustic metric tell you about
Ghosts and instabilities
Causal evolution and Cauchy problem
And it’s all coordinate/observer invariant

Clustering DE/MG typically has metrics which are not
homogeneous/isotropic around non-linear sources

e.g Vainstein
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characteristic surfaces for Maxwell
Geometrical optics

A, =A,(x)eS™
pp=-0,5  nt=g"p,

Maxwell: VMF‘“’ =0

9"v9,50,S = 0




characteristic surfaces for scalars

Eikonal ansatz
= A (x)eS¥)/€

I8 = =6 N#* = GHYP,

EoM : gV, +--- =0
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Superluminality and Causality

Subluminal




Superluminality and Causality

Subluminal Superluminal




Inescapable Violations of Causality




Cone Existence + Causality = Stability

3

RO v = 107 YA
1
NO /11 — 0

Exactly one A; > 0
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—

Juv = dt? — dx* — dy2 — dz?

fuy = —dt* + dx? — dy* — dz*

A0>O'Al<0 Ao<0,11>0




Hall 1972

"Classification of Cone Geometries
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Example: L = K(X) 2X = (9,9)°

® 0, ¢ timelike: type |

/10 —_ KX + ZXKXX /1,: — _KX
® 0, ¢ spacelike: type |

lo =Kx A3 =—Kx A = —(Kx + 2XKxx)
® 0, ¢ null (X = 0): type Il
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Example: L = K(X) + ¢G(X)Og -

® a, = 0: Type | anisotropic ® o,y = 0, Shear-free: type |, I1, Il

DcZ = Q — aGys; 4BGya* & QO
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INMERELCYAEY

Eigenvalues of acoustic metrics tell you everything about the
free theory

Cauchy problem, stability
Non-linear/non-FRW backgrounds: (an)isotropisation?

Causality constrains the relationship between the two
metrics

Are there dynamical mechanisms which ensure it be preserved?



