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Motivations

Motivations

Delta Gravity, in Cosmology, shows accelerated expansion of the Universe
without a cosmological constant, which in turns means that we do not need to

consider the problem of dark energy.

Delta Gravity offers a possible solution to the long sought Quantum Theory of
Gravity.

Delta Gravity preserves all well tested classical results of Einstein’s General
Theory of Relativity in vacuum.

This work has been published in: Jorge Alfaro, Ricardo Avila and Pablo
Gonzalez 2011 Class. Quantum Grav. 28 215020
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Delta Transformation

In this work we will study a modification of models that consist in the
application of a variation that we will define as 4. The particular point with
this variation is that when applied to a field (function, tensor, etc.) it will give
a new element that we define as ¢ fields which is an entire new independent
object from the original:

5(®)=d (1)

and to indicate this, is that we call this variation 'delta tilde’ 4.
So, when we consider general coordinate transformations or diffeomorphism in
its infinitesimal form we have:

B = 2 - g(a)

da* —&6 () 2)

Where ¢ is the general coordinate transformation. Now, we define:
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Delta Transformation: Gauge Transformation

We have a theory with two fields, the first is just the usual gravitational field
guv(z) and a second one g, () which corresponds to the ¢ variation of the
first. We will have two transformations.

8guv(®) = Sopsw + Eovin (4)
0Guv(®) = i +E1viu + gupfg,u + gupgg,u + Guv,p€o (5)

where ¢£'(z) and &/'(z) are infinitesimal contravariant vectors of the gauge
transformations. It has been verified that they form a closed algebra.
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Classical Modified Model: The New Action

We start by considering a model which is based on a given action Sy[¢;]
where ¢ are generic fields, then we add to it a piece which is equal to an &
variation with respect to the fields and we let §¢; = ¢ so that we have:

5 -
16.9] = Solo) + rz [ a'a 32504 ) (©
with k2 an arbitrary constant.
The equations of motion are:
450 _
and,
4 6%So
[ a0l (@) = 0 ®)
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Classical Modified Model: Invariance of Delta Gravity Action

Del . . . = . . .
Grayeit_ty? A In this work, we will investigate the  Gravity action, obtained by the
Quantem procedure sketched above:
Gravity
Field
Theory
Model N d 1 " 1 v N d
Ricardo Slg, gl = [ d'zv=g (-5 - R)+r2 [ (B = 59" R)V=ggud’z (9)
Avila V.
We can see that (9) is obviously invariant under transformations generated by
&b, since these are general coordinate transformations and we declared g,. to
be a covariant two tensor. Under transformations generated by £7(d1), guv
Classical does not change, so we have:
Modified
Model

v 1 v ~
615(9,9) = m/(R“ — 59" R) V=9(61Gw)d"z

v 1 v
= 52/ (RM - 59“ R) V=91 +§1vw)dd$

= —252/ (R‘“’ — %g‘“’R) V=g€1,dz =0 (10)
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Quantum Modified Model: One Loop Model

Delta . . . .
Gravity: A The generating functional for this model is:
Finite
Quantum
Gravity

iel z(;S Ny T x x x
T|:|enladry Z(j,]) _ WG HE /Dqﬂ)(b (So+[d °¢>1+fd Gr(z)or(z)+ir(z)ér( ))) (11)

Model

integrating the field ¢ we get:

= i AN @i (x)dp(x 95 =
23) = [ DocH a5 (S q@m) )

Let ¢; solves the classical equation of motion:

Quantum
Modified 65
Model 1

and using:

(o i) = b (ol )8 =) (14)
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Quantum Modified Model: One Loop Model

Gr:)vei:ty? A Therefore:
Finite
Quantum
T 5o
- ~ I3 Nz' T x
== 203) = [ Doc ot Moy (B Gi@) )
Ricardo
Avila V. _i(So(@)+] dVajr(@)er(2) Tk ( 2 So >
—e det
5012063 (y) "
W(5,3) = Sof /d D)or(a) + T (log (— 50| (16)
o wr@)prl B\ 561(2)86,(y) "
. Define:
Modified
Model
ow
d -
(@) dj1(z)
= ¢i(x)
~ ow
Qi(z) = =
djr(x)
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Quantum Modified Model: One Loop Model

Grlaj\':?:_;a: A The effective action is defined by:
Quantam
Gravity
Field - L~ N . ~ =
b L@.8) = W(.J) — [ e {ii@oi(@) + i@ (@)}
We get, using equations (13) and (16):
. N 0S50 = . 6%So
= _ 17
(o, D) So(@)—i—/d x(Sq)I(x)q)I(m)—’_lTr log 51 (2)0%. (1) (17)
This is the exact effective action for § theories.
Modified
Model
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Delta Gravity: Classical Equations of Motion

Gy, A We start with the following lagrangian:
Finite
Quanttum
Gravity
Field 1 .
Model Llgw] = V=g |5 R+ (G") G (18)
F’.ifando
Avila V. with s — 8:461.
If we variate this action, we obtain the equations of motion:
G = 0
F(HV)(QB)p/\DpD)\gag -0 (19)
with:
Delta
Sravty Fe@Bex - pllem)(@B) gvd 4 p((pr)(@B)) gud _ p((ur)(@B)) gor _ pl(pX)(eB)
1
plapywy) _ 1 ( o gBv 4 gov Bu _ B W)
4 g +9g -9 9

Where (uv) tells us that the o and v are in a totally symmetric combination.
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Delta Gravity: Divergent Part Effective Action

We use the background field method:

uv — Guv + h;,uj
Guv = Guv + by (21)

When we calculate the quadratic part in the quantum gravitational fields, ..,
and hy,, we obtain:

o v € (An € z
quad_ SGhT, 5y P ))([K(Zu;] VAV, + [W((;y))])h(w) (22)

We calculate the divergent part of the effective action following an algorithm
developed by Petr I. Pronin and Konstantin V. Stepanyantz. Nuclear Physics
B. Vol 485 (1997), page 517-544. We get:

L = wﬁghc( R* + 7RQ5R°"B) (23)

€

with ¢ = 87%(N — 4).
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Ghosts

Dell . . .
Gravity: A To study the existence of ghosts in the model we will study small
Finite

Quantum perturbations to flat space. This is done by taking expression (22) and putting

i the backgrounds equal to the Minkowski metric g, = Nuv and Guw = Nuw,
Theor i .

] thus obtaining:

Ricardo

Avila V.

S[h, h] = 7i / 4tz PRI a) (@aphaﬁaphw + mapizaﬁaf'hw) (24)

The Hamiltonian associated to this action is not diagonal, so we redefine the
fields in order to make it diagonal

hu = Ah,, + Bh,
iluu = C}_L;luz + Dﬁiu (25)
Ghosts where A, B, C and D are real constants so that the new fields, A' and A2, are

real fields.
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Ghosts

The final result is shown below. It can be demonstrated that imposing the above criteria, it is
inevitable that one (and only one) of two fields will be a ghost. We make the choice of h? as the
corresponding ghost.

We get for our action:

- 1 1 _ 1 _
SRY,R% = o /d4zP((°‘B)(“V)) <5hL582hLU - ghiﬁ()?hfw) (26)

The Hamiltonian is:

d®p 1+ ,1AB _ ;24 ,2AB
Rl - OV V) @7)

The problem with these models are that when they are quantized either there is a lost of unitarity or
there are negative energy which mean lost of stability. Looking at (26) we find that the propagators of

Al and h? are respectively:

1 i
2Py () g7 e
2kP L _t
@B () 2 1 e

(28)
(29)

where + in the phantom propagator, h2, will decide whether unitarity and negative energy solutions or

nonunitary and positive energy solutions will be present in the model.
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Finite Quantum Corrections

We have two types of quantum corrections, the local; and non local terms
The non local terms are:

2
vV —9gRpuyIn <V—2> RMY
©w
2
vV—gRIn <v—> R (30)

PE
these are zero.
The local terms correspond to a series expansion in powers of the curvature, we consider the most
simpler ones i.e. the cubic terms:
fin _ aBAo puv L A8 pac paBy pr
LQ =+v—g(c1 RyuroR R ap T c2 RS, R, GVRY) s + c3 RuwR R, 5+ (31)

+es RRxR'7A) - (32)
These type of corrections will affect the equations of motion for §,,,,. So, using (?7) we obtain:

1
FU@BAD D Gos = - (M(uu) +e N 4 e, B 134D, Do} E[(w][w’]) (33)
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Finite Quantum Corrections

Gn A with:
Finite
Quantum
Gravity (nv)
Field M
Theory
Model Alpr)
d
Avila V. N
)
glonllvel
Finite
Quantum
Correc-
tions

1
5 (DQD"A(Q“) + DoDHAY) _ p p>alhr) _ g”"DaDBA(‘w))(M)

es RFPYRY, o+ cag" ROPV Roge (35)
1
ggpremeoaaRaBpe 4 SRpg)\dRauepRa,uko (36)
1
gg,prdaRpam RO+ 3Rp€>\aRu(rgRy,eﬁ)\ (37)
1
on aBrp v o ppBap p o prBap
c1R7M R + e (RaBR - R°7,R ) (38)
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Delta
Gravity: A

Finite —~
Fas We have shown that the § transformation, applied to any theory, produce

Theery physical models that live only at one loop.

Model

Ricardo
Avila V.
In Delta Gravity we calculated the divergent part of the action and we

obtained that it is zero in vacuum implying a finite theory

. We show that this model has ghosts. These ghosts could be related to

' phantom fields which have been proposed by some authors as a possible

odifi explanation to describe the accelerated expansion rate of the Universe. What's
e more, in cosmology, Delta Gravity shows accelerated expansion of the Universe
= as was found in J.Alfaro, Delta-gravity and Dark Energy, arXiv:1006.5765v2
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Conclusions

Delta

Gravity: A
Finite I —
o We want to point out that supergravity with matter is finite at one Loop level.
Theery According to the general argument developed in this work, J supergravity will
RacHE] be a one Loop model which have a strong possibility to be a finite quantum
Ricardo model of gravity plus matter and also it may solve the instability of negative

energies since in supersymmetry one has an hermitian charge whose square is
equal to the Hamiltonian operator meaning that the Hamiltonian is positive

definite.
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