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Introduction

= Cosmological tensions are a motivation for new physics.
Looking from different directions.

= Cosmological principle permits VED to be a function
pvac(X(t)), where x(t) is a dynamical variable.

= VED faces vast theoretical problems, “the CC problem”
regarding the ~ m* terms.

PSS/ pzee ~ pogs/mi ~ 107, 1)
and “the coincidence problem”,

Pyac ™ Pon- (2)
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Running Vacuum Models

= Family of parametrizations of VED with long trajectory in
literature. The Canonical RVM is

pvac(H) = (CO + VHZ) s (3)

87TGN

where |v| < 1.
> Similar models have been explored. !
= In particular, the RRVM was recently tested

3 v
pvac(R) — 87TGN (CO + ER) ) (4)

with R = 12H? + 6H is the Ricci scalar.

1J.Sola Peracaula et al 1602.02103, 1703.08218, 1705.06723, 2102.12758.
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Running Vacuum Models

= For type | models with threshold, py, ~ p%a=3+3%,

:Ogac + %p?n(a_?’ - 1) , a4 > 0w,
,Ovac(a) = (5)
pvac(ath) , a < Q.

Recent activation of the dynamics of DE.
= Fortypell,G(a) ~ 1+ e€lna,withe ~ O(v), and

3¢o
87TGN

Prac(Q) =~ (1+4v) +vpla?, (6)

The initial value of G considered a free parameter.
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Running Vacuum Models

Since pvac # 0 the perturbation equations are affected producing a departure
from ACDM. Confronted against Snla + BAO + H(z) + fos(z) 4+ Planck data.
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Running Vacuum Models
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= The Type | model with threshold has a bigger impact on
solving the g tension.

= The Type Il model seems to be able to alleviate the H,
tension without altering the o one.

= There were no strong theoretical grounds from QFT or
quantum gravity supporting them.
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Renormalization of Vacuum Energy

= We start with EH action+p,. For simplicity, in the matter
sector only a scalar field ¢,

5= [atv5 (39 0.00,0+ 2o+ 0167 ) )

where £ is a non-minimal coupling.
= With a flat FLRW background, g,,, = a’diag(—1,1,1,1).
= Splitting the field in a background partandin a
fluctuating part

(7, %) = o(7) + do(T, X). (8)
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Renormalization of Vacuum Energy

= The Fourier decomposition in modes is

56(r. %) = (z7r)+/2>0 [ aie (ko) + Ale (o).
(9)

with usual commutation relations.
* KGeq:h! +Qh=0,%=k>+a*m*+a*({—1/6)R
= Traditional solution: WKB ansatz and recursive iterations,

hi(T) ~ W, 2 ()e i W(m)dn, (10)

such that W? = QZ———k 3(%)
k
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Renormalization of Vacuum Energy

= Background evolving slowly. Solution is organized in
what we call adiabatic orders = number of time

derivatives.
= We can use conjecture the renormalized Zero-Point

Energy:

5 — S\ (0—
(Tog dren(M) = (Tog)(m) — (Tog) O~ (M)
= i —M* + 4m*M? — 3m* + 2m* log m

12872 M?

3PHA (6 —1%) (., m? H®

- % (m? - M —m’log — OH, —,...

(11)

M is an arbitrary off-shell mass scale.
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Renormalization of Vacuum Energy

= We define
(Tra) (M) = —pa(M)Gp + (T2 ren(M) (12)

In plain words “VED = ZPE + N\,

d¢
pvac(M) = M + p/\(M)' (13)

= SetM = Hand do the subtraction at two different scales,

3Veff
8w

Pvac(H) = pvac(HO) + (HZ - Hg) mIZDI + O(H4)a (14)

1) 2.
where veg = ( 2;) % In Z’—g is expected to be small.
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Chameleonic VED

= Mild dynamics: Two values, at H;, H,, of the vacuum
energy in the late times are smoothly related through ~
VerrMpy(HT — H3).

* Running free from ~ m* terms.

= Gravitational constant is also shown to be running
(logarithmically),

G(Ho)

InH2/HZ *
1- Veff I m2 /Hz

G(H) ~
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Chameleonic VED
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Evolution of the energy densities for v = 0.02, Q% = 0.32, Q% = 0.0001.
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Chameleonic VED

= Analogously one may compute the associated vacuum
pressure. One can infer the equation of state:

Vet (Qm(1+2)> + £97(1 4 2)%) (16)
anc + Veff [_1 + Q9n(]- + 2)3 + QE(]- + Z)4 + anc] ’

= Vacuum Energy has a chameleonic EoS, mimicking the
dominant component.

= It behaves as Dark Energy (wy,. < —0.33) for low
redshifts,

1+ anc(z) ~

0

Q
Wyac(Z) = —1 + Vefi o m (14 2)3, (17)

Eventually wy,. = —1ifz — —1.
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Chameleonic VED
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The VED has a quintessence behaviour for v g > 0.
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Conclusions and Future works

We presented a computation of VED from QFT in curved
spacetime.

VED is mildly dynamical in the late universe. G is
expected to vary logarithmically.

The EoS for vacuum is not -1 along the whole story,
mimics the dominant component and behaves as
quintessence DE in the late universe.

The higher powers in the adiabatic expansion may have
an interesting role in the primeval era.

Allin all, the extra features of the VED may alleviate the oy
and H, tension, but should be contrasted with data.
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