Il Y - T P YITP long-term workshop
- Gravity and Cosmology 2018
=™m m m  YUKAWA INSTITUTE FOR January 29 - March 9, 2018
= THEORETICAL PHYSICS

Darkness without dark matter and energy
— generalized unimodular gravity

A.O.Barvinsky

Theory Department, Lebedev Physics Institute, Moscow

with A.Kamenshchik

(Bologna University & Landau
Institute for Theoretical Physics)

Phys. Lett. B774(2017)59
arXiv:1705.09470



https://arxiv.org/abs/1705.09470

Introduction: darkness in cosmology

DE and DM —rich playground for modifications of GR

DE and DM from pure gravity sector
— not local DoF but global (mechanical) DoF

Reduction of local gauge (diffeomorphism) invariance
(Horava-Lifshitz gravity — UV consistent renormalizable QG?)

Unimodular gravity (UMG): #local DoF =2 + one global DoF (x),
p=w? w= -1 w(2)

Lorentz violation + UMG = Generalized UMG: w=w(z) # const



Plan

Intro: darkness in cosmology

Unimodular gravity

Generalized unimodular gravity (GUMG) -- source
of dark fluid

Reduced diffeomorphism invariance and fluid
dynamics in a comoving frame
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Discussion: GUMG, cosmological initial
conditions and curvature density parameter £,



Unimodular gravity

1
Ry — 5 g = —Agp

X =const -- spacetime constant of integration of EoM

p = —¢, 6xM123A % Mp = (8rG) ™"

Local invariance — volume preserving diffeomorphisms:

ot — at + H(x), ougt =0



Violation of Lorentz invariance — Horava-Lifshitz
gravity theory:

Search for UV consistent quantum gravity — unitary and
perturbatively renormalizable

ADM (3+1)-decomposition of 4-metric:

guvdatdz” = (N; N* — N?) dt? + 2N; dt dz’ + ~;da’ da?

1 . y .
N = . N;=gg;, N'=~YN, Lapse and shift

_gOO / functions




Generalized unimodular gravity (GUMG)
-- source of dark fluid

detgyp = —1

U

N = N(vy), v =detwy;
.

O(3)-invariant

5= [ 2 {222 2R00) - A((<™) V2 - )



RMW — ZgMWR = ——_THV,
29 M3
T = 2o [t (=422 - N
91/259MV

A A (de)
E=——, p=
2,/ v \IV dy

Equation of state




Reduced diffeomorphism invariance

UMG: w = -1,
0]
oegl” = —VHEY — Vg, g = [%] Ot =0
5£(N—N(7))‘ N[0:£° — (1 +w) N'9;e° —w g’ | =
N=N(’7)
-0 o |
£u — two purely spatial diffeos with _
L gi a transverse 3-vector parameter 9;& (t,x) =0
L S
0 i
¢l = diffeo with a timelike parameter &~ (t,x)
| gite

1 9;69 — (1 4+ w)N';e0

w

e =o'

spatially nonlocal dependence of »'|j on »°



Dynamics of dark fluid in a comoving frame

Three diffeos = N'~u'=0

p—

0;(Nwe /v) = 0, Nwe /vy = S(x)

| O(Ney/v) =0, Ney/y =T(t)

U

b T

S(x)

N = COﬂSt’yw/Q, w = const # 0

U

T(t),S(x) = const,

E

const

—- ,Y(w+1)/2 Global mode




Special

case of dark dust — “projectable” GR

N = const, w =20

Initial conditions
function S(x) survives:

?
569 _ 569 DM

=\ Analogue of mimetic

(x
Ny~ val model.




Non-clustering DE = global (mechanical) mode
Initial conditions for it and its quantization?

J

Need a physical sector of GUMG — canonical formalism

Lagrangian quantization? Problem of open algebra of
gauge generators and BV formalism (Faddeev-Popov

technigue does not apply beyond one loop):

5 R4
—RV—E =) RS

OR%
55.9@ — RZ&”: Rb = 5gb LY

M 5gb
Oﬁ‘y = C’éy[g] #£ const

N field-dependent and nonlocal




Canonical formalism of GUMG

Sligy ' N') = [ d*e (795, - N(H — NH;)
\ J

|

What are the canonical generators of N
diffeos? Hamiltonian and
1 860 momentum
i __ i & Yt N 0 constraint functions
g” = 0 N + ...~ O+ ..

0||Yij ~ T |
; 5.0 Not canonical!

ll Include N' and P; into phase space

Slig w0 Ny s o' 1 = [ d* (w9355 + ' = N(DH = N'H; — vip; )

1

primary constraints with
Lagrange multiplies




Hamiltonian H = /dSZL‘ (N(’Y)H + Nin‘ + ’Uipi)

—=-p; =0
pi =1{pisH} = —H; =0
T.=8; = ai(Qaka +X)=0

S; = 3@(03]{1)]‘9 +..)=0 emwipliers

=14+w—+2

S—

—

all constraints

dlInw
dln-~

k k
N_]_a U]  4transverse components are not constrained — gauge fixing




GUMG: T, =0,(NwH) =0 = NwH = E(t)
SN

global (mechanical) mode

Compare:
2 1.2
e — =T
GR: H=-"Y 2 __ /A3R=0
val
UMG: Nmi,wm—liiz/lmconst
V7 val



Algebra of constraints and # of DoF

eight

constraints pi=0,H;=0,7;,=0,5=0

four 1st class L N
constraint functions P; > 14

four 2"d class 7l Al S”
constraint functions i 5 L4509

2f£ # of DoF =

# of phase space variables
- 2f£ # of 18t class constraints

- #of 2nd class constraints = 18 —-8-4=2£ 3



Discussion

» Coupled field theory and mechanical (finite-dimensional) system — the

problem of disentangling the global mode in the Hamiltonian and symplectic
form

» Breakdown of the 3D diffeo invariance -- local invariance is too ugly.
Recovery of 3D invariance (like in Horava gravity)

N—-NH)=0= AN—k3R=0
T~

dimensionless parameter

Anisotropic stress tensor: —- to avoid extra scale
e = —AA\
2 1
lij = —% (RGij — k(V;Vj = 7;58) + VNV — E»Yijvann)A
KA
Perfect fluid on homogeneous FRW: p = 3N e=20
M

violation of energy conditions!




« Motivation — model of microcanonical initial conditions for CFT

driven cosmology

a) Density matrix generalization of the Hartle-Hawking state

b) Initial conditions for inflation at the top of inflaton potential

c) Quasi-thermal primordial power spectrum -- revival of

a mild “big bang” preceding inflation

d) New type of hill-top inflation as a
source of Higgs or RZ-inflation
model

Vi(ep) ¢t

inflgtion J (—)

Underbarrier oscillations —
saddle-point of the partition
function

-
A N

[
»

P

point of nucleation from
Euclidean spacetime

e) Origin of the Universe is a semiclassical subplanckian phenomenon —
intrinsic mechanism of suppression for high energy scales due to

hidden sector of conformal fields



BUT ONLY FOR K=+1 I

K

23 <0 Qx+ 2+ 0n=1

.QKZ—

Planck, lensing and BAO
data: 2 = 0.000 £ 0.005

Observational tendency: Qg — 0

Imitation of K#0 by GUMG in 2 _ £m+ £24 + £2k
flat space Friedmann equation 3M3

2
wo L BMEE 1o e
3 K a2 A(1Fw)/2’ 3M2H?
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