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AT 1 (b) i
T(n) = Zér+¢+ VJ n (T]dec,Xdec)+2 ) w(nax(n))dn

The CMB temperature power spectrum depends on the primordial
perturbation power spectrum Py (k)63 (k — k') = (4(k)¥(k’)). Primordial
perturbations are adiabatic, almost scale-invariant, gaussian, constant at
superhorizon scales.
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In the FLRW universe, a primordial fluid or scalar field induces a
gauge-invariant perturbation field vy,

Vi + (c2k* = V) v =0,

where V ~ 1?2 (background expansion), % o curvature perturbation.

Two regimes csk << H or csk > H. The amplification scenario for
dd—nH2 >0 = accelerated expansion (inflation) or contraction (big

bounce):
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Or, big bounce + inflation.
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Amplitude amplification:

Asymptotic vacuum state 19 — —00: vi(10) = 1/vV'k, Vi(m0) = ivk.

Re(h)

In the Schrodinger picture:

v YR(Q 1/4
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Squeezed vacuum:
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The physical Hamiltonian:

Hr = HO + 3" HP
k

1 1
HO = p? H®) — 5T+ (WK V)%

where V = a,,p?/q?, (g, p) - bg variables and (vk, 7x) - pert variables.

Born-Oppenheimer quantization Hr — A© 4 >k lfll(f):

‘\U>T = |"/)>bg ' |w>pert S Hbg ® Hpert

with
1011 bg = HO[h) bg
and )
72+ 5 Wk = (WIV[0)sg ) 92,

ian ‘¢>pert = ’:I[((2) W}>pert
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In the Born-Oppenheimer quantization one obtains a trajectory universe
(“effective” or “dressed” metric),

V(n) — (V) (n).

The M-S variable vk in the flat-slicing gauge yields a quantum fluctuation
of a matter mode vx ~ d¢k in a fixed background geometry.

No genuine quantum gravity effect is present! The trajectory universe
could, in principle, be explained by a modified classical theory of gravity
and a quantum scalar field.
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General quantization:
8, |W) = (ﬁ@ + ﬁ<2>) )
An entangled state emerges:

|w>BO = |¢>bgw)>pert — |\U> = Z |¢n>bg|¢n>pert
as a genuine quantum gravity effect.

Solving strategy:
1. Fix a basis of bg vectors {|¢n)}sg such that

io |¢n>bg - H I'I;Z}n>

and determine Born-Oppenheimer solutions

io |'(/)n>pert - <¢H‘H |wn>bg|'(/)n>pert
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2. Expand the solution in terms of B-O universes:

= Zanm‘wn>bg‘wm>pert
and solve numerically
— 1¢-114(2) 14(2)
M 5 Hlmkp mp S prkp np

where H,mkp (wk|<1/1/|/‘/ @ |9hm) b [Vp) pert: Mam = (¥n|thm) bg and
Skp - <wk|wp>pert

To determine H,(m)kp we shall need to solve analytically the background

wavefunction and calculate (¢;|V[t)) g With V o DQ—*D.
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Example: BIVERSE

The coherent states

2 &, — igp vt "T“x‘“rl/2 1 i x2
(xla,P)bg = | =—= Sv WeXp _E(gu_’qp)g

FMv+1) \& +igp
for Hsem = <q,P|/:/\(O)|q,P>bg = P2 + % and

/ aHsem / _ aHsem

Uiy e

solve exactly

. ~ K
001 PYog — (P2 n @2) 10, PYg

We pick two random trajectories 1 — (g, p) to define |10) g = |qo, Po) bg
and Y1) pg = |q1, P1)bg, and solve for two B-O universes:

|\U0> = |w0>bg ' |w0>pert and |w1> = ‘¢1>bg . ‘¢1>pert
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Single universe:

Biverse:
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We pick these two solutions and determine respective Born-Oppenheimer
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We go beyond Born-Oppenheimer solution:
W) = coo|t00) bg |0 ) pert+11 |11 ) bg* |101) pert+ 01 |10) bg |11 ) pert+10]101) bg* |10 ) pert

The entanglement due to (1| V]1)1) be:

Vaz(n)]

il
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We rewrite |V):

[W) = [th0) bg [00tho) + ctor|[th1)] pere + [¥01) g [a1]th1) 4 c10[t00)] e

Non-gaussian probability density for primordial amplitude in |t)g) pg:
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Non-gaussian probability density for primordial amplitude in |1)1)pg:
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Conclusions:

Models of a trajectory universe furnished with matter fluctuations do not
yield distinct observational quantum gravity signatures.

Born-Oppenheimer approximation has to be dropped for genuine
quantum gravity effects to appear.

The entanglement between the background geometry and inhomogeneity
is a truly quantum gravity effect and it generically alters the primordial
perturbations.

The presented study only proves the existence of new effects and a more
detailed study is needed:

One may expect that inclusion of more than one perturbation modes may result
in entanglement between those modes.

More quantum gravity signatures such as primordial phase shift can appear.
The assumption of the B-O universe as the initial condition can be challenged.

The inflation could start in an entangled state and remain so during the
exponential expansion.
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