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Abstract. We study a subclass of GLPV modified gravity theories generated by a general
disformal metric g, = guv+D(b, 0$)0,$0, ¢. By analyzing the background evolution equation,
we have found that such theory cannot provide the self-accelerating solution.

1. Introduction

The disformal transformation for gravity has been introduced by Bekenstein in 1992 [1]. It is the
most general mapping between the metric involving one scalar field and preserve diffeomorphisms
of spacetime. This transformation can be written as

G = C(0,Y)guv + D(¢,Y)0,00,¢ , (1)

where Y = ¢"70,¢0,¢ a kinetic term of the scalar field ¢. C, D are arbitrary functions of the
scalar field and its kinetic terms.

These called the conformal and disformal factor, respectively. In order to study the influence
of the disformal factor on the evolution of background universe, we will set C(¢,Y) = 1 in this
paper. We call this transformation the general disformal because the disformal factor depends
also on the kinetic terms of the scalar field beside a single scalar field.

2. The disformal gravity action
The disformal gravity action is induced from disformal transformation of the metric in the
Einstein-Hilbert action ,

Sdisf[g;w] = SEH[?}LV] = i /d4x\/ng(g,uu) ’ (2)

where we have set ¢ = 1 and x = 87G. From disformal metric transformation g,, —
G + D(0,Y)oud, (¢ = Vu¢p = 0,¢), we can directly obtained the basic quantities such
as the inverse and the determinant of disformal metric necessary for deriving the the disformal
action, which are respectively read

g =g" —*D(¢,Y)¢"¢", g=g(1+D($,Y)Y)=g/7, (3)

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1


http://creativecommons.org/licenses/by/3.0

Siam Physics Congress 2017 (SPC2017) IOP Publishing
IOP Conlf. Series: Journal of Physics: Conf. Series 901 (2017) 012011 doi:10.1088/1742-6596/901/1/012011

where 72 = 1/(1 4+ D(¢,Y)Y) and ¢* = VF¢ = g"8,¢. We then need to know the
transformation of the Levi-Civita connection (defined by V.g,, = 0):

ff:u = qu + K,LC:V ’ (4)

where K}, = %yaﬁ(vﬂyyﬁ + V9,8~ Vpg,,)- The Riemann tensor (R g0 = R*3,,,(9,,)) then
can be computed from

o4
R Buv — Ra,@ﬂy+2v[u 3]5"‘2 '(;{[/‘LKZLB . (5)
Consequently, the Ricci scalar now given by R = g'’R,,. After a somewhat tedious but
straightforward calculation, we obtain
R=R-~"D(0¢* = $u¢) + 7 [WD%qb““ - V,D0¢ cb”] , (6)

where O = V*V, = ¢"¢,¢, and ¢, = V,V,¢ . The disformal action then reads (setting
2k =1)

s = / d%@f _ / d4x\/?g{f — yD(06% = G d™) + 7 [V Dad™ — V,D 0 ¢”J} -

This action can be recast into the form of covariant GLPV action [2]: S = [d%z\/—g Z?:Q L
where

L3 (C3+2Y Cay)0o (7)
Ly = (Bi+Cs)R—2(By+Cs), (00> — %) + Fac" " €350, 8" 605 | (8)

~ 1 ~
Ly = Gs5Gud™ + 3Coy (06" = 30063, + 26}, ) + B eapnss"0udl o) sl . (9)

where ¢/7P? is a Levi-Civita pseudotensor. In our case, it can be shown that By = 1/v, C3 =
—% 'yD¢dY ,AQ = —%Dd)Yz - Y03¢, A4 = ")/DY - %, C5 = G5 = F5 =0 ,F4 =
Y~2(By+ Ay — 2Y Byy) = —yDy .

3. The dynamics of background spacetime
For simplicity we will study the disformal gravity obtained from the disformal transformation
of FLRW metric

ds? = —N?(t)dt? + a®(t)d;;dx'da? . (10)

From this metric we can obtained the non-zero components of Levi-Civita connection. They
read

a’H
N2

N
Fgo =N F?j =

¥ 8ij» Ty = HO, . (11)

We then consequently obtained

. N P . .\
R:6< i, a _aN>’D¢:_¢+N¢_3H¢ 9

N2g ' N2¢2  oN3 N2 ' N3 N2 N2
6Hpp 6HN >
N4 N5

o g O 2NGG N2 g
m - N4 N5 N6 N4

y (D¢2 - ¢;w¢lw) =
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iR NG | frs uN N2

Gt e’ = S0 D 800005 = P2+ )
y 324> 3H .., N29* BHEHN

¢BV¢B¢ DQZ) = 7% - W¢¢3 + NS - N7 9

IN2¢*  3HHN
N8 N7

(69,0%0" 00 = 90,0005 ) =~z 6° + voddia

The disformal Lagrangian now can be written as

D ../ i @2 aN D 6Hop 6HNQG
L:6\/1—¢>2( + — >— . < - > (12)
N2 N2a N2a2 aN3 W N4 N3
2D, 3H ., 2N2%¢* B3H@'N
. D'2<_]\76¢¢+ NS N7
1- D¢
Dyd? ( é Ni’s_wé
N2\ /1— D, g2

N2 T N3 N2
where the first two lines are £4 and the third line is £5 + £3. The evolution equations of the
background spacetime can be obtained from varying the action with respect to the metric. In
this case we must vary the action with respect to N(t) and a(t). For simplicity, we will set
N(t) =1,N(t) = 0 after calculate the Euler-Lagrange equations

0L (0L _, 0L d(0f\, & (0E\_ )
ON dt\ogN/) 7 da dt\da a2\ oa )

where £ := /—gL = Na3L, we respectively obtain

wa N
+ 2¢¢3N7>

N2 ' N3 N2

_l’_

>+A2+Y03¢+03<— ¢ +N¢ 3H¢>,

1-Y?Dy
= (A3 —2YAyy) — Hy— 14
0 (A2 2,Y) — pm + 3H?y TxDY (14)
Y- . ]
0 = HY’6(DgY —2(D+YDy)o) +7(2- + H*) + A+ pm, (15)
where H = a/a is the Hubble parameter, p,, and p, are the energy density and pressure of
matter respectively, they are given by p,, = Thpo = —%%ﬁﬁ‘ y Pm0ij = Tj; = ‘Sf;—am&ij . Since

the disformal gravity considered in this work is a sub class of the GLPV theory which is the
covariantized Galileon theory [3], we check whether the acceleration of the universe can be
driven by the kinetic terms of scalar field as in the Galileon theory[4,5]. In the flat FLRW
background, we have v = (1 — DéQ)_l/Q, so that D@? should lie within the range (—o0,1)
or (1,00). However, it follows from the above equations that « should be unity during matter
dominated epoch and should be larger than unity during the acceleration of the universe. Hence,
0 < D¢? < 1 throughout the evolution of the universe. Since D¢? is always less than unity, the
main contribution in the above equation that can make d > 0 is expected to be proportional
to ps/3 + A2, where py = 2Y Ayy — Ay. From this rough analysis, we expect that for the
disformal gravity considered here, the accelerated expansion of the universe cannot be driven
by kinetic terms of the scalar field. To confirm this analysis we solve the equations of motion
for the background universe numerically. By varying the action with respect to ¢ we obtain the
equation of motion for ¢

0 = ¢[Aoy +2YAryy + gH275 [D(1-Y?Dy +2Y*Dyy) — 2Y D?]]
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+Y (5Dy —3Y?D% +2YDyy) + 3H¢ (AQ,Y —¥Y(D+YDy) (% H? + &))

a
1 3 D+YD
+5 (Aw —2Y Ao vg + §H2fyg [3Y2D,¢TDY’Y —2Y?2D 4y — YD,A) : (16)
For concreteness, we choose the disformal coupling and As as
1
D= M Pt Moy e 4, = §M£_4A3(—Y)A3 — Mite™M9 (17)

Here, M, M} and M, are the constant parameter with dimension of mass, while A1, Ao, A3 and
M4 are the dimensionless constant parameters. My setting M? = M,? = ME = Hy where Hj is
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Figure 1. The equation of state parameter wr as a function of log;y a for various values of Ay,
/\2, /\3 and )\4.

the present value of the Hubble parameter, we have found that the acceleration of the universe
at late time can occur only if scalar field ¢ slowly evolves, i.e. ¢ < H. Hence, the accelerated
expansion of the universe is driven by the potential terms rather than the kinetic terms of the
scalar field. As a result the evolution of wy = —2H /(3H?) — 1 always mimics the evolution of
wp for ACDM model as shown in figure 1.

From this analysis, we conclude that for the disformal gravity considered here, the accelerated
expansion of the universe cannot be driven by kinetic terms of the scalar field.

4. Conclusion

In this work we have studied the gravity theory generated by general disformal transformation
which can be shown that it fits into the class of GLPV theories. By analyzing the background
evolution equations we have found that this theory does not provide the self-accelerating solution
as generally expected from GLPV theories.
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