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I. FLUIDS

Work in three dimensions.
Find o, such that

9,0 =0
Write
o_ab _ Ebcdaaacwd + EaCdaband

with the additional condition that

0?q = KDy.
The tensor ¢® is then symmetric, traceless and divergenceless by construction.
Transverse:
U, = ug (€10 Octpa + €40 0et)q) = 0
Vorticity:

w® = AAY (9 ug - Dguc)
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Velocity

divergence

derivative

normalisation

hence

Green’s function

II. VELOCITY

b c
Uq = 6abca w

aaub = ebcdaa acwd

= % (Ebcdaaac'lpd + Eacdabacwd) + % (Gbcdaaac'll)d _ Gacdabac'lpd)

Uaua = Gabceadeabwcad'l/}e = (5?55 - 6;6?) abwcadwe — aawbaawb _ aad}bab'l/)a‘ _ _1

1
Da0 ™" = S0%u" = "*10:0%q = 0
%Yt = K*

V(@) =K [ dyGa-y)
02G(x - y) =6(x - y)



III. CONFORMAL ANOMALY IN COSMOLOGY

Solution with u* = (1,0,0,0), Ins = const. and a conformally flat FRW metric
ds? = —dt* + a(t)?di?. (15)

Since g, is conformally flat and ¢*” transform homogeneously under Weyl transformations, it is clear that

[ domgnat = [ dar, ), (16)
thus only conformal anomaly can contribute to fourth order hydrodynamics and the full stress-energy tensor can be
written as

c—a 2a - c c—3a
TH = P (3ufu” + A +5[—Ra Rov 20 Cp (RS R2] AR, 17
(Buu ) +0| Jgga R 2472 P 14472 (a7

where § is a small parameter that keeps tract of the gradient expansion. The Einstein’s equation is
1
R, - gguuR - 0Agu, =87GNT 0, (18)

where A is also being treated as being small and potentially at the same order as the conformal anomaly terms.
The solution is

1 ag (9Gna — 8mAt*) — 36 (C1 + C) wt
P(t) - . 0 (9GN ) (C1+Cy) 7 (19)
327TGNt2 576GN7r2a0t4
ao (9G nao — 16wAt?) — 72mt (C1 (1 +t) + Co(1 - t))
a(t) = apVt -6 T . (20)
The simplest solution with Cy = Cy = A =0 is then
a
P(t) = +0 21
() 327G nt? 6424’ (21)
_ aGN
a(t) _ao(ﬁ—am). (22)
Each é-dependent term is suppressed by the Newton’s constant, hence we can simply write
1 a
Pt)=——(1+G —) , 23
O e ( None2 (23)

a(t) = ao\/E(l—GNL). (24)
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