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Abstract In this work wormholes in viable f (R) gravity
models are analyzed. We are interested in exact solutions
for stress-energy tensor components depending on different
shape and redshift functions. Several solutions of gravita-
tional equations for different f (R) models are examined.
The solutions found imply no need for exotic material, while
this need is implied in the standard general theory of relativ-
ity. A simple expression for weak energy condition (WEC)
violation near the throat is derived and analyzed. High cur-
vature regime is also discussed, as well as the question of the
highest possible values of the Ricci scalar for which the WEC
is not violated near the throat, and corresponding functions
are calculated for several models. The approach here dif-
fers from the one that has been common since no additional
assumptions to simplify the equations have been made, and
the functions in f (R) models are not considered to be arbi-
trary functions, but rather a feature of the theory that has to be
evaluated on the basis of consistency with observations for
the Solar System and cosmological evolution. Therefore in
this work we show that the existence of wormholes without
exotic matter is not only possible in simple arbitrary f (R)

models, but also in models that are in accordance with empir-
ical data.

1 Introduction

Modified f (R) gravity represents a possible alternative to
Einstein’s theory of general relativity which has received
increased attention in the last decade. It is based on a gener-
alization of the Einstein field equations that comes as a result
of replacing the Ricci scalar curvature, R, with an arbitrary
function of the scalar curvature, f (R), in the gravitational
Lagrangian density. One of the main reasons for increased
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interest in modified gravity theories comes from the possi-
bility of explaining accelerating expansion of the universe,
which has basically been confirmed by observations from
type Ia supernovae [1–3], but also from other cosmological
observations such as those from large scale structure stud-
ies [4], and cosmic microwave background radiation [5]. An
important feature of f (R) gravity is that in its framework,
unlike in � CDM cosmology based on the standard gen-
eral relativity, there is no need for postulating dark energy or
introducing any kind of new scalar or spinor field to explain
the accelerated expansion [6,7]. The action for f (R) theories
is given by

S = 1

2k

∫ √−g f (R)d4x + SMAT, (1)

where k = 8πG, g is a determinant of the metric, and SMAT

is the matter action. Depending on the assumptions taken in
the variational procedure starting from (1) we can make a
distinction between the metric, the Palatini, and the metric-
affine formalism [8,9]. In the metric formalism we proceed
from the assumption that the connection is dependent on the
metric, namely that it is given by the Christoffel connection.
In the Palatini formalism the connection is treated indepen-
dent of the metric and it is also assumed that the matter part
of the action is not dependent on the connection. Finally,
in the metric-affine formalism the matter part of the action
now depends on the connection which is metric indepen-
dent. In this work we will use the metric approach which is
the simplest of the above mentioned and also usually used
in literature. Using this approach and varying the action (1)
with respect to the metric we obtain the following modified
field equations:

Rμν fR(R) − 1

2
gμν f (R) − (∇μ∇ν − gμν�) fR(R) = kTμν,

(2)
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where

Tμν = −2√−g

δSMAT

δgμν
, (3)

fR = d f (R)/dR, and we will use an analogous notation
for higher derivatives of f (R). Adopting the standard defini-
tion: Gμν = Rμν − 1/2Rgμν , and after some mathematical
manipulations, we can obtain the following equation for the
Einstein tensor from (2):

Gμν = 1

fR

{
fRR∇μ∇νR + fRRR(∇μR)(∇νR)

− gμν

6
(R fR + f + 16πGT ) + 8πGTμν

}
, (4)

where T is the trace of the stress-energy tensor. In this work
we have analyzed wormhole solutions in the framework of
viable metric f (R) gravity models which do not violate stan-
dard energy conditions. Wormholes are hypothetical tunnels
with a throat that connects two asymptotically flat regions of
spacetime. In Einstein’s general relativity, a construction of
a wormhole is possible only by the use of exotic matter i.e.
matter that violates the usual energy conditions [10–12]. The
matter threading the wormhole is usually described by the
perfect anisotropic fluid Tμν = diag(ρ, pr , pt , pt ). It can
be shown that the existence of a wormhole in general rel-
ativity implies the condition ρ + pr < 0 and according to
[10] we shall call the material with this property exotic. This
violates the weak energy condition (WEC), which is given
by Tμνkμkν ≥ 0 for any timelike vector kμ [13]. The WEC
expresses constraints on a possible matter behavior in order
to guarantee some usual properties, such as positive energy
density. On the other hand, it was reported that a static spher-
ically symmetric wormhole can be supported by phantom
energy [14]. The general question of the WEC violation in
modified gravity still remains open [15]. It was shown in [16]
that, in modified gravity with the field equations of the form

g1(ψ
i )(Gμν + Hμν) − g2(ψ

j )Tμν = kTμν, (5)

where Hμν is an additional geometrical structure, gi (ψ j ) are
multiplicative factors, and ψ j are the curvature invariants of
the gravitational field, normal matter threading the wormhole
can satisfy the WEC if it fulfills the following relationship:

g1(ψ
i )

k + g2(ψ j )
(Gμν + Hμν)k

μkν ≥ 0. (6)

In modified f (R) theories of gravity, wormholes can be sup-
ported by ordinary matter [17–19]. Therefore, while we are
interested in WEC non-violation we are exploring solutions
that satisfy ρ ≥ 0 and ρ + pr ≥ 0 [17]. Our aim is to ana-
lyze, without any additional assumptions, possible wormhole
solutions in different viable recently proposed f (R) models

that do not imply the existence of exotic material. In Sect. 2.
we present the wormhole geometry and effective field equa-
tions, and we derive suitable expressions for the WEC non-
violation near the throat. In Sect. 3. we present and analyze
some specific solutions in different models. The high curva-
ture regime is considered in Sect. 4. We draw conclusions in
Sect. 5.

2 Wormholes in f (R) gravity

The geometry of a static, spherical symmetric wormhole is
given by

ds2 = −e2ϕ(r)dt2+ 1

1 − b(r)
r

dr2+r2(dθ2+sin2 θdφ2), (7)

where ϕ(r) is the redshift function and b(r) is a shape func-
tion [10]. The functions ϕ(r) and b(r) are arbitrary functions
of the radial coordinate r , which nonmonotonically decreases
from infinity to a minimal value r0 in the throat and increases
to infinity. For the throat position r = r0 ⇒ b(r0) = r0 the
metric tensor component is singular. Nevertheless, the proper
distance must be well behaved, from which the following
integral must be real and regular outside the throat [10]:

l(r) = ±
∫ r

r0

dr√
1 − b(r)/r

, (8)

from which follows the condition:

1 − b(r)/r ≥ 0. (9)

So, far from the throat in both radial directions space must be
asymptotically flat which implies the condition b(r)/r → 0
as l → ±∞ [10]. One of the fundamental wormhole prop-
erties is that by definition b(r) must fulfill the flaring-out
condition at or near the throat: (b(r) − b(r)′r)/b2 > 0 [10],
where b′(r) = db/dr (in further text prime denotes a deriva-
tive with respect to the argument of a function). The second
condition which we impose is practical: we demand that a
wormhole must be traversable which means the absence of
horizons. So ϕ(r) must be finite everywhere. Using standard
mathematical procedure from (7) we obtain the Ricci curva-
ture scalar:

R = − 2

r2

[(
ϕ(r)′′r2 + 2ϕ(r)′2r2

) (
1 − b(r)

r

)

−ϕ(r)′

2
(b(r)′r − b(r)) − ϕ(r)′2r2

(
1 − b(r)

r

)

+2ϕ(r)′r
(

1− b(r)

r

)
−r

(
b(r)′

r
− b(r)

r2

)
− b(r)

r

]
.

(10)
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While studying wormholes in f (R) modified theories of
gravity, in order to simplify equations, it is common to place
an additional condition on redshift function ϕ(r) to be con-
stant [17,20,21]. This condition on ϕ(r), which is assumed
without any physical reason, is not justified because the fun-
damental parameters of a wormhole should not be restricted
in such an artificial way. Moreover, wormhole solutions of
modified Einstein’s equations and the WEC violation will in
some cases critically depend on ϕ(r). Matter is described by
the stress-energy tensor of the anisotropic perfect fluid:

Tμν = (ρ + pt )UμUν + pt gμν + (pr − pt )χμχν, (11)

where U is a four-velocity, ρ the energy density, pt and
pr are transversal and radial pressure, respectively, and
χμ = √

1 − b(r)/rδμ
r . In (1) we select k = 1 for simplicity,

and from (4) we obtain modified Einstein’s equations for the
wormhole geometry

b′(r) fR
r2 =−fRR

(
1− b(r)

r

)
R′(r)ϕ′(r)+ 1

6
(R(r) fR+ f )

+1

3
(2ρ + 2pt + pr ), (12)

−b(r) + 2r2ϕ′(r)(1 − b(r)/r)

r3 fR

= fRR

[
R′′(r)

(
1 − b(r)

r

)
+ R′(r)

2

(
b(r)

r2 − b′(r)
r

)]

+ fRRR R(r)
′2

(
1 − b(r)

r

)
− 1

6
(R(r) fR + f )

+1

3
(ρ + 2pr − 2pt ), (13)

(
1 − b(r)

r

)(
ϕ′′(r) − b′(r)r − b

2r(r − b)
ϕ′(r) + ϕ′(r)2

+ ϕ′(r)
r

− b′(r)r − b

2r2(r − b)

)
fR

= fRR
r

(
1 − b(r)

r

)
R′(r) − 1

6
(R(r) fR + f )

+1

3
(ρ − pr + pt ). (14)

Note that the field equations (12–14) are fourth order non-
linear differential equations in ϕ(r) and b(r). However, Eqs.
(12–14) at the same time represent the system of algebraic
equations for the stress-energy tensor components, which,
despite the complexity, have analytic solutions. In our work
in specific models of modified f (R) gravity we consider
solutions for the components of the stress-energy tensor by
exploring different redshift, ϕ(r), and shape functions, b(r).
From the field equations (12–14) we can derive a specific
form of the WEC for wormhole solutions in f (R) gravity

ρ = 1

2r2

[
2 fRRR R

′2(r)r(b(r)−r)+ fRR(2R′′(r)r((b(r)−r)

+ R′(r)(3b(r)+b′(r)r−4r))+ fR(4r(r−b(r))(ϕ′′(r)
+ ϕ′2(r)) − 2b′(r)(1 + ϕ′(r)) + 2ϕ′(r)(4r − 3b(r))

+ r2R(r)) + r2 f (R)
] ≥ 0, (15)

ρ + pr = 1

r3

[
fRRR R

′2(r)r2(b(r) − r)

+ fRR(r2R′′(r)(b(r)−r)−R′(r)r2ϕ′(r)(b(r)−r)

+ R′(r)
2

r(b′(r)r − b(r)) + fR((b′(r)r − b(r))

− 2ϕ′(r)r(b(r) − r))
]

≥ 0, (16)

ρ + pt = 1

r2

[[
b′(r)r + b(r)

2r
− (b(r) − r)(rϕ′′(r)

+ rϕ′2(r) + ϕ′(r)) − b′(r)r − b(r)

2
ϕ′(r)

]
fR

+ fRR R
′(r)(b(r) − r)(1 − rϕ′(r))

]
≥ 0. (17)

We require that the matter threading the wormhole satisfies
WEC, so we demand that inequalities (15–17) are fulfilled.
Since in Einstein’s general relativity, which corresponds to
f (R) = R, this is not possible, higher curvature terms in the
action support wormhole geometries. We can see that explicit
analysis of Eqs. (15–17) is extremely difficult, and that for
a specific wormhole geometry WEC violation can critically
depend on the redshift functions ϕ(r) and its derivatives. As
an important and interesting case we can consider Eqs. (16)
and (17) near the throat. This approach simplifies the problem
considerably. Near the throat b(r) 	 r0 and the Eqs. (16) and
(17) become

ρ + pr = b′(r)r − b(r)

2r3 [ fRR R′(r)r + 2 fR] ≥ 0. (18)

ρ + pt = fR
r2

[
b′(r)r + b(r)

2r
− b′(r)r − b(r)

2
ϕ′(r)

]
≥ 0.

(19)

From the flaring-out condition we must have b′(r)r−b(r) <

0, so for Eq. (18) we simply obtain

fRR R
′(r)r + 2 fR ≤ 0 near the throat. (20)

This condition is, due to its simplicity, particularly suitable
for analyzing the influence of modifying the theory of gravity
on the question of the WEC violation. It is obvious that this
condition cannot be fulfilled for every choice of f (R). For
instance, if we take f (R) = R this condition is not satisfied
and this corresponds to the need for exotic matter in Einstein’s
relativity. As we will show in the later part of our work, for
analyzed models we typically have fR < 0 near the throat,
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and from (19) we obtain the condition

b′(r) ≤ b(r)(1 + rϕ′(r))
r2ϕ′(r) − r

. (21)

If ϕ(r) is taken to be differentiable and continuous function
on the interval [r0,∞〉 and (1+rϕ′(r))

r2ϕ′(r)−r
continuous on the same

interval, then according to the Gronwall–Bellman inequality
we have

b(r) ≤ b(r0) exp

(∫ r

r0

1 + zϕ′(z)
z(zϕ′(r) − 1)

dz

)
. (22)

From this expression we can see the importance of ϕ(r):
for a given redshift function we can solve the integral (22)
and determine the function that bounds b(r) near the throat.
Taking this bounding function as a critical case we can deter-
mine Ricci scalar and check whether (18) is satisfied in the
concrete f (R) model. Let us consider a specific example
ϕ(r) = constant for simplicity. Bounding shape function is
then

b(r)critical = b(r0)
r0

r
. (23)

Then calculating the Ricci scalar and its derivative, from (18)
we obtain the condition

fR
fRR

≤ −4b(r0)r0

r4 , (24)

which depends only on a specific f (R) model when the con-
stants b(r0) and r0 are given.

In the next section our approach will be to find specific
solutions of Eqs. (12–14) for a given wormhole geometry
and then check whether the WEC is satisfied or not, rather
than analyze Eqs. (15–17). We will focus on the question of
condition (16) violation for the specific f (R) models, since
it is this part of the WEC that is necessary violated near
the throat in Einstein’s general theory of relativity, and it
was used as a definition for exotic matter in [10]. For the
simple choices of b(r) and ϕ(r) in the considered models, ρ+
pt is typically violated somewhere away from the throat, as
shown in Fig. 1 for all models. This should not be of primary
concern, since it is the throat connecting two asymptotically
flat regions that is of the main interest, and one can always
cut off the solution at some rc away from the throat and
connect it with other asymptotically flat solution of modified
Einstein’s equations in that region. This would physically
correspond to a wormhole in a spacetime in which another
energy-momentum distribution starts to dominate for r ≥ rc.

Fig. 1 ρ + pt for all models, respectively, MJWQ model: b(r) =
r0

√
r0/r , ϕ(r) = ln(r0/r + 1), and parameters β = 2, R∗ = 2, the

Starobinsky model: b(r) = r0 ln r/r0 + r0, ϕ(r) = √
r0/r and param-

eters q = 2, λ = 1, the exponential gravity model: b(r) = r0
√
r0/r ,

ϕ(r) = ln(r0/r + 1), and parameters λ = 2, R∗ = 2, the Tsujikawa
model: b(r) = r0

√
r0/r , ϕ(r) = ln(r0/r + 1), and parameters μ = 2

R∗ = 1, where x = r/r0

3 Specific models and solutions

In some works which analyze wormholes in the context of
f (R) gravity [17,20] f (R) is usually treated as an unknown
function, which can be derived from modified field equations,
or it is considered to have some simple convenient shape. We
prefer the approach in which the f (R) functions are taken
as predetermined characteristic of the theory. In fact, due to
the highly hypothetical nature of a wormhole, which is at
the moment far away from any empirical observation, we
cannot impose conditions on f (R) in a manner stated above.
Therefore, the form of f (R) should be consistent with obser-
vations for the Solar System and cosmological evolution, so
we analyze wormhole solutions in several viable models of
f (R) gravity [22–26]:

– MJWQ model [27]

f (R) = R − βR∗ ln

(
1 + R

R∗

)
, (25)

where β and R∗ are free positive parameters of the model.
– Starobinsky model [28–33]

f (R) = R + λR∗

[(
1 +

(
R2

R2∗

))−q

− 1

]
, (26)

with three free positive parameters λ, R∗, and q.
– Exponential gravity model [34,35]

f (R) = R − R∗λ(1 − e−R̃), (27)

where R̃ = R/R∗, with λ and R∗ as free positive param-
eters of the model.
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Fig. 2 The MJWQ model: b(r) = r0
√
r0/r , ϕ(r) = ln(r0/r +1), and

parameters β = 2, R∗ = 2, the Starobinsky model: b(r) = r0 ln r/r0 +
r0,ϕ(r) = √

r0/r , and parametersq = 2,λ = 1, the exponential gravity
model: b(r) = r0

√
r0/r , ϕ(r) = ln(r0/r + 1), and parameters λ = 2,

R∗ = 2, the Tsujikawa model: b(r) = r0
√
r0/r , ϕ(r) = ln(r0/r + 1),

and parameters μ = 2 R∗ = 1, where x = r/r0

– Tsujikawa model [30,36]

f (R) = R − μR∗ tanh

(
R

R∗

)
(28)

where μ and R∗ are free positive parameters of the model.

In all models R∗ = σH2
0 , where σ is some dimensionless

parameter and H0 is the current value of the Hubble param-
eter, which is taken to be H0 = 1.

It was shown in [37,38] that for a scalar-tensor theory
of gravity, formulated in the Jordan frame with the field
Lagrangian

L = 1

2

[
f (�)R + h(�)gμν�,μ�,ν − 2U (�)

]
, (29)

no static wormholes that satisfy the null energy condition can
be formed, as long as f (�) is everywhere positive and also

f (�)h(�) + 3

2

(
d f

d�

)2

> 0, (30)

where f , h, and U are arbitrary functions. For f (R) gravity
we have f (�) = fR , h = 0, and 2U (�) = R fR − f (R).
Therefore, two conditions for wormholes non-existence in
f (R) gravity read fR > 0 and fRR > 0. As can be seen
from Fig. 2 the considered models have regions with fR < 0
and therefore violate the non-existence theorem conditions.
However, this opens the question of the stability of solutions
under non-static perturbations which should be considered
in the further work.

3.1 MJWQ model

In MJWQ model (25) we solve field equations (12–14) to
obtain components of the stress-energy tensor and check

Fig. 3 Energy density, ρ, in the MJWQ model for the specific choice
of b(r) = r0

√
r0/r , ϕ(r) = ln(r0/r + 1), where x = r/r0

Fig. 4 The non-exotic material condition, ρ+ pr , in the MJWQ model
for the specific choice of b(r) = r0

√
r0/r , ϕ(r) = ln(r0/r + 1), where

x = r/r0

if the conditions ρ ≥ 0 and ρ + pr ≥ 0 are satisfied.
We consider specific redshift and shape functions given by
ϕ(r) = ln(r0/r + 1) and b(r) = r0

√
r0/r . The parameters

of the model, β and R∗, are taken to be close to the values
proposed in [22]. Above mentioned solutions are depicted in
Figs. 3 and 4. A choice of the free parameters in the f (R)

model plays a significant role in the question of the WEC
violation. For all shown combinations of parameters both
conditions are satisfied, except the case β = 2 and R∗ = 1,
which was proposed in [22].

3.2 Starobinsky model

Let us consider specific functions b(r) = r0 ln r/r0 + r0,
ϕ(r) = √

r0/r . As in [22] we choose R∗ = 4.17 with λ

and q close to the values λ = 1, q = 2. The solutions are
depicted in Figs. 5 and 6. We see that every combination of
parameters implies the need for exotic matter. Moreover, for
every considered combination of simple shape and redshift
functions we did not find non-exotic matter solutions in the
Starobinsky model.

123
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Fig. 5 Energy density, ρ, in the Starobinsky model for the specific
choice of b(r) = r0 ln r/r0 + r0, ϕ(r) = √

r0/r , where x = r/r0

Fig. 6 The non-exotic material condition, ρ + pr , in the Starobinsky
model for the specific choice of b(r) = r0 ln r/r0 + r0, ϕ(r) = √

r0/r ,
where x = r/r0

Fig. 7 Energy density, ρ, in the exponential gravity model for the spe-
cific choice of b(r) = r0

√
r0/r , ϕ(r) = ln(r0/r + 1), where x = r/r0

3.3 Exponential gravity model

We take the shape and the redshift functions previously con-
sidered in the MJWQ model with λ and R∗ close to the values
in [22]. Solutions are presented in Figs. 7 and 8. For all com-
binations the conditions are satisfied except for the choice
λ = 2 and R∗ = 1.

Fig. 8 The non-exotic material condition, ρ + pr , in the exponen-
tial gravity model for the specific choice of b(r) = r0

√
r0/r , ϕ(r) =

ln(r0/r + 1), where x = r/r0

Fig. 9 Energy density,ρ, in the Tsujikawa model for the specific choice
of b(r) = r0

√
r0/r , ϕ(r) = ln(r0/r + 1), where x = r/r0

Fig. 10 The non-exotic material condition, ρ + pr , in the Tsujikawa
model for the specific choice of b(r) = r0

√
r0/r , ϕ(r) = ln(r0/r + 1),

where x = r/r0

3.4 Tsujikawa model

Finally, the results for the Tsujikawa model are plotted in
Figs. 9 and 10. For comparison we choose the same shape
and redshift functions as in the MJWQ and the exponential
gravity model. For values smaller than μ = 2 and R∗ = 1
the model requires exotic matter.
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4 High curvature regime

It is interesting to consider the high curvature limit in the
problem of wormholes in viable f (R) modified theories of
gravity. Specific f (R) models which are considered in this
work should reproduce realistic scenarios of cosmological
evolution based on the accelerated expansion of the universe.
Cosmological models based on viable f (R) theories asymp-
totically approach the de-Sitter solution which in Einstein’s
general relativity corresponds to an empty space filled with
the positive cosmological constant [39]. In accordance with
this demand all considered models share the same mathe-
matical property that in the high curvature limit they have
the following form:

f (R) ≈ R − λR∗, (31)

so the models lead to the effective cosmological constant
λR∗/2, as can be seen by applying (31 to 2) and using the
standard definition of the cosmological constant in Einstein’s
field equations. Therefore the high curvature regime is inter-
esting because we have an interplay of cosmological features
of the f (R) models and wormhole solutions. We expect to
have the high curvature limit in the vicinity of the throat
for a suitable choice of b(r) and ϕ(r) which will lead to
R(r) � R∗. By rewriting Einstein’s field equations (12–14),
with (10) and (31), we can easily obtain the solutions for the
stress-energy tensor components in the high curvature limit,

ρ = −−2b′(r) + λR∗r2

2r2 , (32)

pr = −2b(r) + 4b(r)ϕ′(r)r − 4ϕ′(r)r2 − λR∗r3

2r3 , (33)

pt = ϕ′′(r) + ϕ(r)2 + λR∗
2

+ b(r)

2r3 − b′(r)
2r2

−b(r)ϕ′(r)
2r2 − b(r)ϕ′′(r)

r
+ ϕ′(r)

r

−b′(r)ϕ′(r)
2r

− b(r)ϕ′(r)2

r
. (34)

It can be seen that these equations are equal to the ones pre-
sented in [10] with addition of an effective cosmological con-
stant, as should be expected. By inspecting (20) it is apparent
that the WEC is violated near the throat in the high curva-
ture regime. Since all viable f (R) models share the same
asymptotic behavior described by (31) one can question the
critical R(r) value for every point near the throat, in a specific
f (R) model. By critical value we mean the highest possible
R(r) value for which WEC is satisfied at a specific point in
space. Let us consider solutions, Rcritical(r), of the following
equation, which can be obtained from (20):

fRR R
′
critical(r)r + 2 fR = 0 near the throat, (35)

as well as solutions, R̄, of the WEC violation inequality

fRR R̄
′(r)r + 2 fR > 0. (36)

From the theory of differential inequalities follows

R̄(r) > Rcritical(r), (37)

in the interval near the throat r0 < r < r1, where R̄(r0) =
Rcritical(r0). Therefore, values of Rcritical correspond to the
critical values of the Ricci scalar in the above mentioned
sense. We can solve Eq. (35) and obtain Rcritical in different
models of f (R) gravity. For instance in the MJWQ model
we get

Rcritical(r) =

(
r2

r2
0

)2

− 1−R0
1+R0(

r2

r2
0

)2

+ 1−R0
1+R0

, (38)

where R∗ = 1, β = 2, R(r0) = R0. In exponential gravity
for fixed parameters q = 2, λ = 2 we obtain

Rcritical(r) = ln
4r2

(c + r2)2 , (39)

with c = 2r2
0

eR0/2 −r2
0 . In this way it is possible to considerably

simplify the analysis of the wormhole WEC violation in f (R)

theories of gravity. For a given R(r) one can compare its
values near the throat with values of Rcritical(r) in a concrete
f (R) model and, using (37) and (36), check whether WEC
is violated. Of course, non-violation of (20) is necessary, but
not sufficient for WEC non-violation.

5 Conclusions

We have examined possible wormhole solutions in four
viable recently proposed f (R) models, namely: the MJWQ
model, the Starobinsky model, the exponential gravity
model, and the Tsujikawa model. In all models apart from
the Starobinsky model we have found solutions that do not
require exotic matter. Our solutions do not presume any addi-
tional assumption on the redshift function, ϕ(r). For the given
functions ϕ(r) andb(r) we can see that for the above cases the
character of the solutions in the MJWQ, exponential gravity
and Tsujikawa model depends more strongly on the choice
of the free parameters than on the choice of a specific model.
It is also possible to satisfy non-exotic matter conditions with
other simple choices of ϕ(r) and b(r) for each model. For
instance, b(r) = r0e(1−r/r0), b(r) = r2

0 /r , ϕ(r) = 1/r , etc.
A simple inequality for the WEC violation near the throat

is derived, which we demonstrate to be particularly suitable
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for analyzing the influence of modifying theory of gravity as
regards the question of the WEC violation. We have shown
that all viable f (R) models must share the same mathemat-
ical form in the high curvature regime and that in this limit
the WEC is necessarily violated. The question of critical val-
ues of the Ricci scalar, i.e. the highest possible values of
the Ricci scalar for which the WEC is not violated near the
throat, is considered. We have calculated functions of the
Ricci scalar that give these critical values for several mod-
els. Following this approach, and comparing values of some
arbitrary Ricci scalar near the throat with critical values, it is
straightforward to check whether the necessary condition of
the WEC non-violation is satisfied. While in some previous
works WEC violation was analyzed in some simple f (R)

frameworks, we have considered viable and realistic models,
and showed that wormholes that do not demand exotic mat-
ter can be constructed in them. In further work it would be
interesting to analyze the stability of the solutions, as well
as solutions in non-spherically symmetric wormholes and
wormholes supported by scalar and gauge fields instead of
perfect anisotropic fluid, in f (R) theories of gravity.
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