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Ooutline

> The cosmological constant problem.

> The role of the gravitational symmetries.

> weyl transverse gravity.
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The cosmological constant problem

> Failure of the decoupling principle behind effective field theory.
> Some quantities are extremely sensitive to high-energy physics.

> Relevant, but non-natwal operator:

AV

> value of the cosmological constant: both ultravioled and infraved
ASpeCts; quantum gravity.




Oour solar sggtem

> Natural theoretical prediction:

|AL.] ~ 10% gev?

> Measured perihelion precession of Mercury:

Ap = 574.10 £ 0.65 arc-seconds per century

X

> [t lmplies —

@F< 10722 eV /1 i




The gquantum vacuum

> Scattering amplituoes ano vacuum bubbles:

> Vvacuwm bubbles couple to a dynamical volume form

€ = 1/ |g| A< B



Consistent low-energy effective description

> No wodifieations of the classical physics.

> Respect classteal solutions Df general reLth\/Ltg and the pmt’ucLﬁ
spectrum of the standaro model.

> Different semiclassical and quantum physics in the presence of
gravitational fields.

> Coswological constant as mgstevious as (but no more than) any
other parameter: gravitational constant, electron charge, ...




Flrst steps

v

Shift symwmetry
L— L+,

v

cLaschaLtgz Fixed volume element w; corvesponding contribution

/WCO

> Radiative corvections: we need a synwmetry that forbids the term

/eA = /0!‘%\/7@/&
> Scale transformations of the gravitational field:

Yab — gzgmb ceR




The gravitational action

> The Elnstetn-Hilbert actlon Ls not nvariant under scale
transformations.

> Second-order fielol theory: longitudinal diffeomorphisms should be
brolkeen.

> Keeping the counting of degrees of freedom: Local scale
transformations

Yab — éQ (X)@ub

> Dynamical conformal structures, parametrized by tensor densities

| 1/VL

|9 Yab



weyl transverse gravity

1 1/n —1/n
= wWR||W
S 0 [lew[**]g| Y]

> Theory of dynamical conformal structures on n—dimensional

manifolod M.
> wvariant under transverse diffeomorphisms and Weyl
transformations:
5§,q;9ab = ﬁg@m + @90 VaG O

> Dynamical volume elementy/—g forbidoen by symmetries.

> Matter couples to the composite field

—1/w

jwl**1al ™" g



From gravity to gravitons

v

Expand around flat spacetime gy

Yab = Nab + Algp

v

At the lowest order: Lnvariant wnoer

10l

h i Mab +17ucac(:b +chac§a +¢’7ab aﬂém =

v

Own-shell equivalence to Fierz-Paull theory
(Izawa1995,Alvarez2005).

v

Higher orders describe the interaction vertices of gravitons.

> Nowlinear theory of a spln-2 particle.



Cclassieal theorg

v

W the gauge g = w, one recovers the traceless Elnsteln equations
1 1
Rap — ZR@M =K| Tap — ZTQM

> These equations are equivalent to Elnsteln field equations in the
same gauge (Ellis2010).

> The cosmological constant A Ls a constant of integration.

v

Shift symmetry L— L+cCo

K
Tab — Tab + JawCoy NS N\ — ZC/O



Anomalles

> Generie result: not all symmetries can be preserved in the
quantization. Path integral:

JicsE I E s

> A symwmetry [s not anomalous per se, but with respect to other
sy mmetries.

> A necessary condition s that different symmetries act on the same o
degrees of freedom. &




Conformal anomaly

> Diffeomorphismes:
54/1g] e Vg

> Conformal transformations:

5y/lg| <




Avolding the anomalies




Path integral for a scalar fielol

> lnner product:

)= [ P /181p0# ) = [ weg

> Decomposition coefficlents:

> Path lntegral measure:

> Absence of anomalies:

= [ #x9.(0009 8y/1a] =



Semiclassieal tmo%

v

Classical gravitational fields, quantum matter fields: effective
action

1
S@ab = 5 LV\/D{@t(O@MJ)

> Heat kernel expansion of the effective action:

S, =8,

0

- = /M w {21 (Ga0) — 22 (3)]+
+n(p*/m?)[02(Ban) — 22(87,)]1}

> No term corresponding to ap, which in general velativity leads to the o
renormalization of the cosmological constant. .

> Due to the non-dynamical volume form w.



Renormalization gro up

> Renorwmalization of gravitational couplings; e.g., gravitational
constant

= L 2 3
K_KO+01H +CQLO@ (C )

=

> There ls NO renormalization equation for the cosmological constant.

> Cosmological constant protected by gravitational scale
transformations:
Yoo = G Gab

> Shift symmetry on the Lagrangian £ — L+ Co; Co drops off fronus
flelo equations. ¥




RUantum theorg

> Quantwm gravitational fielol.
> Formal definition of the path integral.

> Correlation functions:

Dg|[Dy] exp(is)D(xs )P (x2)-.. P (xn)

i
Rl S J eIy exp(is)

> Contributions that in general relativity would renormalize the
cosmological constant are cancelled out:

50:200/ w
M



Dlseussion

v

Metric volume form € versus non-dynamical volume form w.

v

Essentially equivalent classical fleld equations. What does it tell
us?

v

But different semiclassical properties.

> A non-dynamical volume form w seems Less elegant, but provides a
better fit to the properties we observe.




Conclustons

> Theory of dynamical causal structures that uses an auxiliary,
non-dynamical volume form.

> Standard classical solutions for the gravitational fielol equations.

> Effective description that avolds the (ultraviolet) cosmological
constant problem: non-anomalous gravitational scale invariance.

> Belng an effective description, it invites Looking for completions.
New suggestions for quantum gravity?
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