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We work out the junction conditions for f (R) gravity formulated in metric-affine (Palatini) spaces
using a tensor distributional approach. These conditions are needed for building consistent models of
gravitating bodies with an interior and exterior regions matched at some hypersurface. Some of these
conditions depart from the standard Darmois-Israel ones of General Relativity and from their metric
f (R) counterparts. In particular, we find that the trace of the stress-energy momentum tensor in the
bulk must be continuous across the matching hypersurface, though its normal derivative need not
to. We illustrate the relevance of these conditions by considering the properties of stellar surfaces in
polytropic models, showing that the range of equations of state with potentially pathological effects
is shifted beyond the domain of physical interest. This confirms, in particular, that neutron stars
and white dwarfs can be safely modelled within the Palatini f (R) framework.

I.

INTRODUCTION

Many models of gravitating bodies of both theoretical and observational interest involve the consideration
of two different patches of space-time, glued at some hypersurface separating the interior from the exterior (see
e.g. [1] and references therein). Such models can successfully yield both configurations with an interior filled
with some matter distribution separated from an exterior vacuum solution, as in stellar bodies [2, 3], or two
matter-filled regions such as in branes/domain walls [4–7]
or thin-shells [8–10]. For these constructions to be well
defined from a mathematical point of view, a number
of conditions must hold at the matching hypersurface,
which within the context of General Relativity (GR) are
known as the Darmois-Israel matching (or junction) conditions [11, 12]. These conditions involve the continuity
of the first fundamental form across the matching hypersurface, and a number of conditions relating the stressenergy tensor with the discontinuity in the extrinsic curvature on that hypersurface.
Given the physical relevance of such models and conditions for the modeling of different bodies, a timely question is to what extent they can be applied to other theories of gravity beyond GR (see e.g. [13–16] for some reviews). The consideration of these theories are motivated
by a variety of reasons in view of the challenges posed by
the exploration of the strong-field regime of the gravitational interaction in the multimessenger astronomy era
[17], and by the difficulties of the early and late-time
cosmological models [18]. Typically such theories introduce additional difficulties in the form of higher-order
equations of motion and much more involved dynamics,
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which naturally requires an upgrade of the junction conditions [19–24]. This introduces additional constraints,
which troubles the construction of such matched models. Perhaps the simplest family of extensions of GR are
those based on a function of the curvature scalar, the socalled f (R) gravity, which has attracted a great deal of
attention in the literature [25]. In this case, it has been
proven that many known matched solutions in GR do not
survive when considered in the f (R) scenario [26]. Thus,
the analysis of the junction conditions beyond GR is of
utmost importance in order to consistently explore the
phenomenology of such models.
The main aim of this paper is to work out the junction conditions corresponding to the Palatini formulation of f (R) theories. In the Palatini approach, metric
and affine connection are regarded as independent degrees of freedom, and the field equations are obtained
from independent variations of the action with respect
to both of them [28]. As opposed to their metric counterpart, the resulting theory has second-order field equations, with the new gravitational dynamics being due to
new nonlinear couplings engendered by the matter fields,
and no extra propagating degrees of freedom are introduced. Moreover, Palatini f (R) models may pass the
post-Newtonian (solar system) tests [29], are compatible
with current gravitational wave observations, and have a
rich phenomenology in black hole [30], stellar [31], and
cosmological [32] scenarios.
The equations of motion and junction conditions corresponding to Palatini f (R) theories turn out to be clearly
different from those corresponding to GR and to the metric formulation of f (R) theories. Differences arise even in
the conservation equations on the matching hypersurface,
being the same in GR and in metric f (R) [26] but different in Palatini f (R) gravity. Our results will also prove
useful, in particular, to better understand an issue that
has undermined progress in the study of stellar models
in Palatini f (R) theories in the last years. We are refer-
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ring to the potential emergence of curvature divergences
near the surface of polytropic stellar models [33–36]. As
we will see, a consistent distributional treatment of the
field equations puts forward that such divergences are
an artifact of the approach followed in [33–36] and that
the equations on the matching surface are free from such
pathologies for polytropic equations of state of physical
interest.
II. JUNCTION CONDITIONS FOR f (R)
GRAVITY IN PALATINI APPROACH
A.

This equation implies that R ≡ R(T ) which, instead of a
differential equation, is simply an algebraic relation linking curvature and matter. This fact introduces a radical
difference in the properties and dynamics of the theory
with respect to the metric formulation and, therefore,
a distributional analysis of the Palatini f (R) equations
must take care of that fact.
Let us point out that the above equations (2) and (4)
for the metric and the Palatini versions of f (R) theories
can be seen as particular cases of Brans-Dicke scalartensor theories with a potential. In particular, the trace
equations (3) and (5) can be seen as specific cases of the
general equation

Action and field equations

The action of f (R) gravity can be written as
Z
Z
√
√
1
S= 2
d4 x −gf (R) + d4 x −gLm (gµν , ψm ) ,
2κ
(1)
where κ2 is Newton’s constant in suitable units, g is the
determinant of the space-time metric gµν , f (R) is some
function of the curvature scalar R ≡ g µν Rµν (Γ), with
Γ ≡ Γλµν the affine connection, and Lm denotes the matter Lagrangian with ψm representing a collection of matter fields.
In the metric formalism the connection is taken to be
given
√ by the Levi-Civita one, that is, the one satisfying
∇Γµ ( −gg αβ ) = 0, and the variation of the action (1)
with respect to the metric yields the field equations
RfR − f
gµν − fRR (∇µ ∇ν R − gµν ∇α ∇α R)
2
− fRRR (∇µ R∇ν R − gµν ∇α ∇α R) = κ2 Tµν (2)
,

fR Gµν (g) −

δSm
where fR ≡ df /dR, and Tµν = √2−g δg
µν is the stressenergy tensor. Tracing in this equation with g µν yields

3✷fR + RfR − 2f = κ2 T ,

(3)

where T is the trace of the stress-energy tensor. As is well
known, the presence of the derivative operator ✷ yields
a dynamical character to the (scalar) field φ ≡ fR , which
can be read off as an additional propagating degree of
freedom.
On the other hand, in the Palatini formulation, the
field equations follow by independent variations of the
action (1) with respect to the metric and the connection.
After solving the connection equation, the resulting equations for the metric can be conveniently cast as [27, 28]
RfR − f
gµν − [∇µ ∇ν fR − gµν ✷fR ]
(4)
2
1
3
[∇µ fR ∇ν fR − gµν (∂fR )2 ] = κ2 Tµν ,
+
2fR
2

fR Gµν (g) +

with a similar notation as in the metric case. Tracing (4)
with g µν yields
RfR − 2f = κ2 T .

(5)

(3 + 2ω)✷φ + 2V (φ) − φVφ = κ2 T ,

(6)

with the metric case corresponding to ω = 0 while Palatini having ω = −3/2. The scalar field is identified as φ ≡
fR and its potential is given by V (φ) = φR(φ)− f (R(φ)).
Note that the scalar field is non-dynamical in the Palatini
case, while in any other case it does propagate. In the following, we will consider the distributional description of
Eq.(4), which is equivalent to the ω = −3/2 Brans-Dicke
theory.
B.

Distributional stress-energy tensor

We consider two smooth four-dimensional manifolds
(M ± , gµν ), and let us denote by V ± two bounded regions
living in M ± with boundaries Σ± . These regions are
matched (“glued”) at a time-like hypersurface Σ with the
natural identification of their boundaries as Σ+ = Σ− ,
and with the space-time metric gµν assumed to be well
defined through the entire manifold and, in particular,
to be continuous (but not necessarily differentiable) at
Σ, which is a basic requirement in the junction conditions formalism [37]. Since there may be discontinuities
in several geometric quantities across Σ, the suitable tool
to deal with this scenario is that of tensorial distributions, namely, tensor fields with compact support on the
manifold. One of the main goals of the junction conditions is to identify the singular parts of the curvature and
matter tensorial distributions on Σ and find the allowed
discontinuities of these quantities across it. For the sake
of our analysis we borrow, to a large extent, the notation
introduced in Ref.[38], and we refer the reader there for
further details on the mathematical setup employed here.
Given the particular way the matter fields feed the new
dynamics in Palatini f (R) gravity, as follows from Eq.(5),
we start our analysis by introducing a distribution for the
stress-energy tensor as
+
−
T µν = Tµν
θ + Tµν
(1 − θ) + τµν δ Σ .

(7)

±
Hereafter underbars indicate distributions; Tµν
are the
±
stress-energy tensors in V , respectively; θ is the scalar
distribution defined by the (locally integrable) Heaviside
function, the latter taking the value of 1 in V + , 0 in
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V − , and any intermediate reference value in Σ; δ Σ is a
scalar Delta-type distribution with support
R on Σ acting
upon any test function X as < δ, X >≡ Σ X; and τµν
accounts for the singular part of the stress-energy tensor
on Σ. Similarly, the distributional form of the trace of
the stress-energy tensor reads
T = T + θ + T − (1 − θ) + τ δ Σ ,

(8)

where τ ≡ τ µ µ is the trace of the singular part of the
stress-energy tensor.
To cast the field equations (4) in distributional form,
we have to deal with several potential difficulties in the
transition from regular tensorial functions to tensorial
distributions. Let us isolate first the term
2
∇µ fR ∇ν fR = fRR
RT2 ∇µ T ∇ν T ,

(9)

where RT ≡ dR/dT = κ2 /(RfRR − fR ). From (8), the
distributional form of the covariant derivative of the trace
of the stress-energy tensor reads
∇µ T = ∇µ T + θ + ∇µ T − (1 − θ) + nµ [T ]δΣ + ∇µ (τ δ Σ ) .
(10)
Here nµ is the unit vector normal to Σ defined via
∇µ θ = nµ δ Σ , and brackets represent a discontinuity
(“jumps”) across Σ in the quantity contained there. Thus
[T ] ≡ T + − T − is the jump in the trace of the stressenergy tensor. Given that the term ∇µ T ∇ν T in (9) leads
to products of the form θ · δ and δ · δ, which are not well
defined in distributional theory, in order to have consistent equations in distributional sense we must require the
conditions
[T ] = 0
τ =0.

(11)
(12)

The first of these conditions simply indicates the need
for the continuity of the trace of the stress-energy tensor across Σ, which was already expected on grounds of
continuity and standard differentiability of the tensorial
equations. The second condition, τ = 0, is new and entirely due to the distributional nature of the quantities
defined on the hypersurface. In the context of GR, it
would imply a vanishing brane tension. In the modified
gravity context, its implications are still to be understood. Note that these restrictions involve the traces of
the stress-energy tensor and its singular part on Σ, but
tell us nothing about the full structure of these objects.
Bearing in mind (11), let us consider next the contribution to the field equations (4) given by the term (in
distributional sense)
∇µ ∇ν T = ∇µ ∇ν T + θ+∇µ ∇ν T − (1−θ)+nµ nν bδ Σ , (13)
where we have defined the scalar quantity
b ≡ nα [∇α T ] ,

(14)

which is the discontinuity in the covariant derivative of
the trace in the normal direction to the hypersurface Σ.
This expression shall be needed later.

C.

Decomposition of the Einstein tensor on Σ

The distributional form of the Einstein tensor takes
the form [37]
Σ
−
Gµν = G+
µν θ + Gµν (1 − θ) + Gµν δ ,

(15)

where Gµν represents the singular part of the Einstein
tensor on Σ. Plugging this expression in the field equations (4), and taking into consideration the constraint
(11) on the stress-energy tensor, the singular part of the
field equations (4) can be written as
fRΣ Gµν + fRR RT |Σ bhµν = κ2 τµν ,

(16)

where the subindex Σ denotes quantities evaluated on Σ,
while hµν is the projector on Σ, namely
hµν ≡ gµν − nµ nν ,

(17)

usually referred to as the first fundamental form, and
which must be continuous across Σ [37]. Given that Gµν
can be expressed as [38]
Gµν = −[Kµν ] + hµν [Kρρ ] ,

(18)

±
Kµν
≡ hρ β hσ µ ∇±
ρ nσ ,

(19)

where

is the second fundamental form on V ± , respectively, we
can trace in Eq.(16) with the metric g µν and using (12)
together with the fact that (18) implies that Gρρ = 2[Kρρ ],
one arrives to
[Kρρ ] = −

3fRR RT
2fR

b.

(20)

Σ

Plugging this relation back in (16) one finally gets
1
τµν
− [Kµν ] + hµν [Kρρ ] = κ2
,
3
f RΣ

(21)

which is clearly consistent with the tracelessness of τµν
in (12). Note that these results largely depart from
the corresponding expressions in GR, where the singular part of the Einstein equations Gµν = κ2 τµν does not
introduce the constraint (12), since the latter is associated to the contribution (9), which is vanishing when
f (R) = R − 2Λ (the Einstein-Hilbert action with cosmological constant term Λ). Thus, in such a case, instead
of (21) one has −[Kµν ] + hµν [Kρρ ] = κ2 τµν , whose trace
reads 2[Kρρ ] = κ2 τ and, therefore, the brane tension in
GR is non-vanishing in general. As opposed to that, we
have just seen that in Palatini f (R) gravity the brane
tension vanishes but [Kρρ ] 6= 0. In the metric version of
f (R), however, one typically has [Kρρ ] = 0 [26]. It is
important to note that the condition (12) imposes a constraint between the energy density and the two principal
pressures on Σ, which effectively reduces the number of
degrees of freedom of the matter on the hypersurface Σ.
This is expected to have important implications for the
resolution of the conservation equations.
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D.

Energy conservation equations

As shown in [38], the Bianchi identities hold in the
distributional sense, that is ∇µ Gµν = 0. This can be
explicitly written as two sets of equations:
+
−
(Kρσ
+ Kρσ
)G ρσ = 2nρ nσ [Rρσ ] − [R]
Dρ Gρν = −nρ hσν [Rρσ ] ,

(22)
(23)

where Dρ ≡ hρ α ∇α denotes the covariant derivative on
Σ. On the other hand, given that (5) leads to R = R(T )
and that [T ] = 0, it follows that [R] = 0. Our next goal is
to extract additional information from the two equations
(22) and (23) about the behavior of the stress-energy
tensor on the hypersurface Σ. To this end, let us start
by taking a covariant derivative upon Eq.(16) to find
2

κ Dρ τ

ρ

ν

= fRR RT |Σ ((Dρ TΣ )G

ρ

ν

+ (fRRR RT2 + fRR RT T )

+ Dν b) + fRΣ Dρ G
b(Dν TΣ ) ,
Σ

ρ

ν

,

(24)

where we have used the relation Dν fR
=
fRR RT |Σ (Dν TΣ ) with TΣ denoting the value of T
on Σ. Let us deal with the different terms in this
expression, starting with the one in [Rµν ], as follows
from the replacement of (23) in (24). Projecting on the
field equations (4) with nρ hσ ν we find
fR nρ hσ ν Rρσ − nρ hσ ν ∇ρ ∇σ fR
3
(nρ ∇ρ fR )fRR RT (Dν Tσ ) = κ2 nρ hσ ν Tρσ .(25)
+
2fR
The jump of this expression across Σ becomes
fR nρ hσ ν [Rρσ ] = κ2 nρ hσ ν [Tρσ ] + nρ hσ ν [∇ρ ∇σ fR ]
−

2
3fRR
R2 b(Dν TΣ ) .
2fR T

(26)

Bearing in mind that
=

∇ρ ∇σ fR = ∇ρ (fRR RT ∇σ T )
(fRRR RT2

(27)

+ fRR RT T )∇ρ T ∇σ T + fRR RT ∇ρ ∇σ T ,

then its jump across Σ can be written as
nρ hσ ν [∇ρ ∇σ fR ] = (fRRR RT2 + fRR RT T )b(Dν TΣ )
+ fRR RT nρ hσ ν [∇ρ ∇σ T ] .
(28)
To deal with the last term in this expression we introduce,
following [26], a decomposition of the form
[∇ρ ∇σ T ] = Anρ nσ + nρ ((Dσ b) − [Kρσ ](Dρ TΣ ))
(29)
b
+
−
+ Kρσ
),
+ nσ ((Dρ b) − [Kρν ](Dρ TΣ )) + (Kρσ
2
where A ≡ nµ nν [∇µ ∇ν R]. This way, Eq.(28) reads
nρ hσ ν [∇ρ ∇σ T ] = (Dν b) − [Kαν ](Dα TΣ ) .

(30)

We are almost there. Combining Eqs.(26), (28) and (30)
with (24), and using (23) and (20) we find, after a bit of
algebra, that (24) simplifies down to
Dρ τρν = −nρ hσ ν [Tρσ ] ,

(31)

which coincides with the expression found in GR and in
metric f (R) gravity.
Let us now extract information from Eq.(22). The
most important point here is to compute the quantity
on its left-hand side using the field equations (4). Projecting with fR nρ nσ and comparing the result on both
sides of Σ recalling that gµν must be continuous across
Σ, one finds
3 ρσ
h [∇ρ fR ∇σ fR ]
fR nρ nσ [Gρν ] + hρσ [∇ρ ∇σ fR ] −
2fR
3
+
[(∇µ fR )2 ] = κ2 nρ nσ [Tρσ ] .
(32)
4fR
Let us isolate the various contributions to this equation.
First we have the term
hρσ [∇ρ ∇σ fR ] = (fRRR RT2 + fRR RT T )[(Dρ TΣ )2 ]
+ fRR RT hρσ [∇ρ ∇σ T ]
b
+
−
= fRR RT hρσ (Kρσ
(33)
+ Kρσ
),
2
where in the last line we have explicitly implemented the
fact that, since T must be continuous across Σ, then
(Dρ TΣ ) = 0. The second piece of (32) that we need
to consider is
2
hρσ [∇ρ fR ∇σ fR ] = fRR
RT2 hρσ [∇ρ T ∇σ T ]

2
= fRR
RT2 [(Dρ TΣ )2 ] = 0 ,

(34)

the last equality due to the same considerations as before.
The third relevant piece of (32) is
2
[(∇µ fR )2 ] = (nµ nν + hµν )∇µ fR ∇ν fR = RT2 fRR
[b2 ] ,
(35)
where we have defined [b2 ] ≡ [(nα ∇α T )2 ] = 2bnα ∂α TΣ
(see Appendix D.2. of Ref.[39] for details). With all
these elements, Eq.(32) reads
b +
−
fR nρ nσ [Gρν ] = κ2 nρ nσ [Tρσ ] − fRR RT hρσ (Kρσ
+ Kρσ
)
2
2 2
3RT fRR 2
[b ] .
−
(36)
fR
Plugging this expression in the right-hand-side of Eq.(32)
we finally find
+
−
(Kρσ
+ Kρσ
)τ ρσ = 2nρ nσ [Tρσ ] −

2
3RT2 fRR
[b2 ] .
fR

(37)

Likewise the analysis of the second fundamental form
above, this result recovers the one of GR only if fRR = 0,
that is, f (R) = R − 2Λ.
To summarize the main results of this section, the junction conditions in Palatini f (R) gravity are: the continuity of the first fundamental form (17) across Σ; the
continuity of the trace of the stress-energy tensor across
Σ, namely Eq.(11); the vanishing of the trace of its singular part on Σ, namely Eq.(12); and Eq.(21) for the discontinuity of the trace of the second fundamental form,
which we recall it departs from the GR and the metric
f (R) cases [26]. In cases allowing for shells or branes,
the energy content on Σ is determined by Eqs.(21), (31)
and (37).
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III.

APPLICATION: POLYTROPIC STELLAR
MODELS

For a specific implementation of this framework, we
will now apply the formulas derived in the previous section to address an issue raised in [33–35] that affects models of stellar structure in Palatini f (R) gravity. Using the
standard tensorial approach, it turns out that when one
attempts to match a polytropic stellar model with equation of state
ρ(P ) =



P
K

1/γ

+

P
,
γ−1

(38)

to an external Schwarzschild solution, certain difficulties
arise. Curvature divergences, in particular, develop at
the matching surface, the latter characterized by vanishing pressure. Knowing that this happens for a range of
polytropic indices of physical interest, namely, 3/2 < γ <
2, which includes the relevant case γ = 5/3 that describes
a gas of non-relativistic degenerate fermions, one might
be tempted to conclude that the viability of Palatini f (R)
models could be in danger. Yet one should bear in mind
that polytropic models are just crude statistical approximations of some stars. On the other hand, given that the
divergent terms are directly related to what happens at
the matching hypersurface, it seems appropriate to use
the more rigorous approach of tensorial distributions developed above to reassess the problem. Under this light,
it seems relevant to see what Eq.(16), which describes
the dynamics at the matching hypersurface, has to say
about the behavior of curvature there.
A glance at Eq.(16) puts forward that the discontinuity
in the derivative of the trace of the stress-energy tensor in
the direction normal to Σ is the key element that controls
the modified dynamics on Σ. In fact, given that the
trace T must be continuous across the surface (as follows
from (11)) and that R = R(T ) must also be (due to
(5)) the coefficient fRΣ must be smooth and generically
expected to be close to unity in regions of low energy
density such as the surface of a star. This is the case,
for instance, of the quadratic model f (R) = R + aR2 , for
which Eq.(5) yields R(T ) = −κ2 T and we have fR = 1
as T → 0. Thus, whenever b ≡ nα [∇α T ] is not zero, the
nonlinearities of the f (R) theory will contribute to the
surface dynamics. Continuing with the quadratic model,
it is easy to see that the term fRR RT = −2aκ2 is just a
constant and, therefore, b is the element that may bring
in new effects. Considering a polytrope with equation
of state (38) it follows that b = nr+ ∂r T + − nr− ∂r T − =
−nr− ∂r T − ≈ (3 − ρP )Pr . According to the analysis of
[36], one finds that ρP ∼ P (1−γ)/γ and Pr ∼ P 1/γ , which
leads to b ∼ P (2−γ)/γ . It turns out that this quantity
only diverges if γ > 2, shifting the problematic range
of γ beyond the domain of direct physical interest. For
γ < 2, it is evident that b = 0 at the surface. This makes
Eq.(16) formally identical to its GR counterpart, as one
would expect in any model which only departs from GR

at high curvature/densities. The conservation equations
(31) and (37) also degenerate into their GR counterparts.
We have just seen that a careful analysis of the junction conditions using distribution theory has been able
to get rid of a problem that arises when a standard tensorial approach is considered. In the usual approach, in
order to have a well defined geometry, the trace of the
matter stress-energy tensor must be continuous and differentiable because, otherwise, the second derivatives of
the matter fields that appear in the field equations would
lead to divergences. In the distributional approach, however, we have seen that those requirements are slightly relaxed at a matching hypersurface because one is forced to
have a continuous T but a normal discontinuity in ∇µ T
is allowed and still provides sensible results. A glance
at the analysis of [36] shows that the divergent terms
that arise at the surface of polytropic models are entirely
due to the evaluation of the term ∇µ ∇ν T at the matching surface, where P = 0. Specifically, ∇µ ∇ν T generates two1 terms of the form ρP Prr and ρP P Pr2 which go
as ∼ P (3−2γ)/γ and diverge for γ > 3/2 when P → 0.
In the distributional approach, however, the terms with
∇µ ∇ν T provide a contribution on Σ proportional to b,
which measures the discontinuity in ∇µ T . This property is precisely what cures the singular terms on the
matching surface, since the seemingly pathological contributions ρP Prr and ρP P Pr2 are now replaced by ρP Pr .
Thus, a smooth matching surface between an external
Schwarzschild solution and an internal polytropic fluid
in Palatini f (R) gravity is possible whenever γ < 2 when
a proper distributional treatment of the matching surface
is considered.

IV.

CONCLUSION

In this work we have derived the junction conditions
corresponding to Palatini f (R) theories using distribution theory. We have found that the equations that relate the extrinsic curvature to the matter sources on the
matching surface differ from those found in GR and in
the metric version of f (R) theories. This is a non-trivial
result which has many repercussions for the building of
matched solutions of any kind within these theories, and
which must be carefully implemented in order not to get
to misleading results.
As an specific example, we have considered the relevant case of polytropic stellar models. In such a case,
a naive approach to match the internal fluid solution to
the external Schwarzschild solution, as followed in [33–
36], leads to the unacceptable emergence of curvature
divergences at the matching surface for a range of polytropic indices of physical interest. Here we have shown
that a more rigorous treatment using distribution theory

1

We note that the divergence due to ρP Prr was overlooked in [36].
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modifies this conclusion, shifting the range of potentially
pathological equations of state beyond the domain of relevance for physical applications. The junction conditions
derived here, therefore, should be applied whenever one
attempts to build stellar models that match vacuum external solutions in any Palatini f (R) theory allowing, in
particular, to consistently model neutron stars and white
dwarfs, among others.
Further applications of these junctions conditions beyond stellar bodies include, for instance, the rigorous
construction of thin-shell wormholes and the consistency
of braneworld models in Palatini f (R) gravity. Moreover, the approach followed here using distribution theory could be enlarged to include other Palatini theories
of gravity beyond the f (R) case, involving further contractions of the Ricci/Riemann tensors such as, for instance, in the class of the so-called Ricci-based gravities
[40], which are ghost-free, consistent extensions of GR.
In these more general theories additional contributions
of the stress-energy tensor (and not just its trace, as in
the present case) are expected to yield novelties in the
shape of the junction conditions as compared to GR,
to Palatini f (R) theories, and to their metric counterparts. This would allow, for instance, to reassess the
claim of Ref.[41] on the existence of surface singularities in Eddington-inspired Born-Infeld gravity (see [42]
for a description of these theories, and [43, 44] for specific applications) in pretty much the same way as for the

Palatini f (R) case studied here. Work along these lines
is currently underway.
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