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Introduction

® The search for alternatives to general relativity has been an active research
field, motivated both by the open questions remaining at the frontiers of gravita-
tion, cosmology, and particle physics; such as the dark energy and the hierarchy
problems on one side and by applications of the AdS/CFT correspondence on
the other.

® One approach to modify standard general relativity is to couple it non-minimally
with matter fields.

® The case of a scalar field non-minimally coupled to gravity has been widely
studied.
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Introduction

® The search for alternatives to general relativity has been an active research
field, motivated both by the open questions remaining at the frontiers of gravita-
tion, cosmology, and particle physics; such as the dark energy and the hierarchy
problems on one side and by applications of the AdS/CFT correspondence on
the other.

® One approach to modify standard general relativity is to couple it non-minimally
with matter fields.

® The case of a scalar field non-minimally coupled to gravity has been widely
studied.

One consequence of the non-minimal coupling is the existence of

stealth configurations
(non-trivial solutions for matter fields without back-reaction)
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Stealth configurations

® |tis well known from General Relativity that in the absence of matter sources, the maximally symmetric
solution of the Einstein equations, without cosmological constant term, is the

Gur = kTyo.

absence of
matter sources = Ty, =0 = Gu =0 = ds® = Nuvdzh da”
Nuv = diag(—1,1,1,---,1)
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Stealth configurations

® |tis well known from General Relativity that in the absence of matter sources, the maximally symmetric
solution of the Einstein equations, without cosmological constant term, is the

Gur = kTyo.

absence of
matter sources = Ty, =0 = Gu =0 = ds® = Nuvdzh da”
Nuv = diag(—1,1,1,---,1)

® Does Minkowski spacetime imply the absence of matter?

?

absence of .
mattersources <= Ty, =0 <<= G, =0 <= ds? = nuyda:“d:cy
Nuv = dzag(—l, 17 1) Ty 1)
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Stealth configurations

® tis well known from General Relativity that in the absence of matter sources, the maximally symmetric
solution of the Einstein equations, without cosmological constant term, is the Minkowski spacetime.

Gur = kTyo.

absence of Minkowski spacetime

matter sources = Ty, =0 = Gu =0 = ds® = Nyuvdxt da”

Nuv = diag(_]-a 1,1, 1)
B Does Minkowski spacetime imply the absence of matter?
absence of ? Minkowski spacetime

mattersources <= Ty, =0 <<= G, =0 <= ds? = nuydx“’d:cy
Nuv = dzag(—l, 17 1) Ty 1)

Flat Minkowski spacetime does not always imply that spacetime is devoid of matter
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Stealth: Minkowski spacetime and ($2R coupling

o

It was shown that if the matter source is a real scalar field non-minimally coupled to gravity, the footprint
of the non-minimal coupling persists, even if the gravitational field is switched off.

— [R 1
K
¢ =0 T = 0,90, @ =y, (307 B0 + U,

absence of matter

ds? = Nuyvdztde” = G, =0 = 1T,, =0 = & = constant

¢ #0: Tpp = 8,39, & — 1., (%a%aﬂcb n U) ¢ O - V,.V,)a,
stealth configuration
2
ds®> = n,,dztdz¥ = Gu =0 = T, =0 = &=cgi-T, ¢ # +
= e, ¢=1
oc=35

5 xct + Ayt 4 oo.

[E. Ayon-Beato, C. Martinez, R. Troncoso, J. Zanelli, Phys. Rev. D 71 104037 (2005)]
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Stealth: Minkowski spacetime and ($2R coupling

B Requiring the existence of non-trivial solutions for which the modified energy-momentum tensor
vanishes, fixes the form of the allowed self-interaction potential of the scalar field.

V(o) ¢ >Cp

¢ <(p

Figure 1: U (D)

1—2¢

U(P) = (132202 <>\1<I>T +8(D —1)(¢ — CD)AQCI)%> . #

>\72(I>2<21n<1>+i—§—|—D—1), ¢ =

O LN

[E. Aydn-Beato, C. Martinez, R. Troncoso, J. Zanelli, Phys. Rev. D 71 104037 (2005)]
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Stealth: Scalar-Gauss-Bonnet gravity

® We want to study the existence of stealth configurations for the theory described by the following

action

R—2A 1
S~ 5 VIOV — U(R)+(2G|.
K

S 1= [ 420/

Gauss-Bonnet term:
G = R*"" Rap., — AR" R,, + R

Equations of motion:

GIU'V + Aguy — K.’T/,Ll/ﬁ
0% = —¢G+ U'(2),

Energy-momentum tensor:

Tpw =V, OV, ® L o5 —
ur — o v — Guv §V (IDVB(I)—FU —I_T,ul/ .

TGP =4¢[4Rz(, V'V, ® + g, (RO® — 2RV 3V, ®)42R,,5,, V'V ® — RV, V, &

[72%

1 aoapPpo (6% (e Xea
—2R,,, 0¢] — @[Zg,wg — RapopR*P%, = RRuy 4+ 2R* | Ray + 2Ropuav R%7].
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(A)dS spacetime

P We will study the existence of stealth configurations in a constant curvature spacetime

R,uﬁy’y - k(g,uugB'y - g,u/ygﬁu)

k
R, = k(D-1)guv, = Guv+Agu, =0, A= 5(D—1)(D—2).
R = kD(D-1),
® We use the Riemann coordinates z* = (t,z*),i=1,2,..., D — 1, in terms of which the metric

looks conformally flat:

1

ds® = Q%n,, dz"dz", Q= .
T 1+ Enogzezh

® The stealth configurations must satisfy the conditions

T, = 0.
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Stealth conditions

o

After redefining the scalar field ® in terms of a new coordinate dependent function o = o (z*),
® = B1In(Qo), B =4Ck(D — 2)(D — 3).
the constraints can be written as

62

Ty = —83VO' = 0, w7 v,
(o2
2
Tye + T = p (é)fta + 81.21.0) =0, (no sum),
(o2
1
TV = —DQ%ﬂ+§kDuD—1XD—w®®+B%fB{—QD—l)(—i%a—fwiﬁf4>
o
D |1 Y —1 2 —1 —1
o o

The off-diagonal constraints determine the complete separability of the the function o, that is,
oc=Tt) +X"(z")+ -+ xP 1.
It follows from the combination of the diagonal terms that the functions 7", X * must satisfy

2T 2 x1 g2xD-1
BT d(z1)2 - = d(zD—1)2 =%

where « is a constant.
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Solutions

® The general form of the solution is

d = [ 1In(Qo), o= %xux“ + A, z" + oo,

B? ~1s _ 2% k
V:7 k(2D —3) —2(D — 2)A\1e B + Xge P —l—ZB(D—l)(D—ZL)(I).

O There are stealth configurations if
and B =4Ck(D — 2)(D — 3) # 0.

PO The integration constants o, A,,, o, are related to the coupling constants of the potential A; and X»
k Iz
)\1 :Oé—f—aa'(), AQZAMA —2@00,
being A* = n,, A".
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Final Remarks

9o

|

We have studied stealth configurations in a modified gravity model, with a linear
coupling of the Gauss-Bonnet invariant with scalar field, in (A)dS spacetime.

These results can be generalized to { f(®)G coupling case.

Stealth configurations have been studied in different contexts:
® Stealth scalar field overflying a 2 + 1 black hole, Eloy Ayon-Beato, Cristian Martinez,
Jorge Zanelli, Gen. Relativ. Gravit. 38(1), 145 (2006).

® Conformal stealth for any standard cosmology, Eloy Aydn-Beato, Alberto A. Garcia,P.
Isaac Ramirez-Baca, César A. Terrero-Escalante , Phys, Rev. D 88, 063523
(2013).

® Rotating AdS black hole stealth solution in D = 3 dimensions, Mokhtar Hassaine ,
Phys, Rev. D 89, 044009 (2014).

® Stealth configurations in vector-tensor theories of gravity, Javier Chagoya, Gianmas-
simo Tasinato, JCAP 89, 046 (2018).
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