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Mimetic gravity has gained significant appeal in cosmological contexts, but static spherically 
symmetric space-times within the baseline theory are highly non-trivial: the two natural solutions are 
a naked singularity and a black hole space-time obtained through an appropriate gluing procedure. 
We study the shadow properties of these two objects, finding both to be pathological. In particular, 
the naked singularity does not cast a shadow, whereas the black hole casts a shadow which is too 
small. We argue that the Event Horizon Telescope images of M87⋆ and Sgr A⋆ rule out the baseline 
version of mimetic gravity, preventing the theory from successfully accounting for the dark sector on 
cosmological scales. Our results highlight an interesting complementarity between black hole imaging 
observations and modified gravity theories of cosmological interest.
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Black holes (BHs) are arguably among the most peculiar regions of the Universe. While they were once 
considered to be objects of mere mathematical interest, groundbreaking advances in various fields have made 
it possible to observe on a regular basis a wide range of astrophysical effects associated to BHs, whose existence 
is now undisputed. These advances have turned BHs into the ideal testbed for strong-field tests of fundamental 
physics, including the nature of the dark matter (DM) and dark energy (DE) which pervade the Universe: of 
interest to us is the possibility that these components may be the manifestation of a theory of gravity beyond 
General Relativity (GR)1–3, and mimetic gravity is a particularly interesting theory in this sense.

Mimetic gravity provides a framework where the conformal mode of gravity is isolated covariantly by means 
of a scalar field, the mimetic field ϕ4,5. This procedure leads to the appearance of an additional (conformal) 
degree of freedom. On cosmological scales, the conformal mode in mimetic gravity becomes dynamical even 
in the absence of matter and behaves as pressureless dust, thereby effectively mimicking DM. On the other 
hand, relatively simple extensions of mimetic gravity, several of which have been studied in recent years6–35, can 
easily mimic arbitrary cosmological backgrounds, including ones featuring both DM and DE. Mimetic gravity 
has therefore gained significant interest over the past decade as a candidate modified gravity model for the 
dark sector (at least at the background level), and more generally as a testbed for the possible role of disformal 
transformations in cosmology. In spite of all the interest it received, mimetic gravity has undergone virtually no 
direct tests against observations (one of the few robust observational tests of mimetic gravity was performed 
against the multi-messenger gravitational wave event GW17081736), and our goal is to to fill this gap with a 
highly non-trivial test of the theory against horizon-scale BH observations from the Event Horizon Telescope 
(EHT).

As we shall discuss in more detail later, the nature of compact objects in mimetic gravity is highly non-trivial. 
In fact, unless one is willing to accept an imaginary field, the mimetic gravity scenario of cosmological interest 
where ∂µϕ is timelike supports no natural BH solutions, which is already pathological per se given the deluge of 
observational evidence for the existence of astrophysical BHs. Later work showed that baseline mimetic gravity 
allows for more model freedom than previously thought, in relation to the sign controlling the underlying 
conformal transformation37: nevertheless, it still remains highly non-trivial to construct consistent solutions for 
compact objects in mimetic gravity. Essentially two classes of compact object solutions exist in baseline mimetic 
gravity37: naked singularities (NSs), and BHs obtained through a peculiar “gluing” procedure. Neither of these 
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space-times are trivial, so the question naturally arises of whether compact objects described by these metrics 
are consistent with current BH-related observations: as we shall see at the end of this work, the answer is no.

Our goal in this work is to assess the observational consistency of mimetic compact objects, focusing on the 
horizon-scale images of the supermassive BHs (SMBHs) M87⋆ and Sgr A⋆ provided by the EHT in 2019 and 
2022 respectively38,39. To do so, we will study the shadow properties of mimetic compact objects (which are of 
direct relevance in assessing the optical appearance thereof), showing that these properties are pathological for 
both the mimetic NS and mimetic BH. In particular, the former is found to not cast a shadow, whereas the latter 
casts a shadow which is too small. Both behaviors allow us to conclude that mimetic compact objects can in 
no way be consistent with the EHT observations. As these two are the only natural compact object solutions in 
baseline mimetic gravity, we conclude that the EHT observations rule out the basic version of mimetic gravity, 
which is excluded from playing an important role in cosmology.

The rest of this paper is then organized as follows. We begin by briefly reviewing the key features of mimetic 
gravity compact objects therein, introducing the mimetic NS and mimetic BH. The shadow properties of these 
two space-times are then studied and argued to be pathological. We then draw concluding remarks. Throughout 
the work, we use natural units where MPl = 1/

√
8πG = 1, and adopt the “mostly plus” metric signature 

(−,+,+,+).

Mimetic gravity and mimetic compact objects
In mimetic gravity, the conformal mode of gravity is isolated covariantly by re-parametrizing the physical metric 
gµν  in terms of an auxiliary metric g̃µν  and the mimetic scalar field ϕ4,5:

	 gµν = ±
(
g̃αβ∂αϕ∂βϕ

)
g̃µν.� (1)

The physical metric is clearly invariant under conformal transformations of the auxiliary metric, with the 
following required to hold for consistency:

	 gµν∂µϕ∂νϕ = ±1.� (2)

With our choice of metric signature, ∂µϕ is timelike (spacelike) when the sign in Eqs. (1), (2) is taken to be the 
negative (positive) one. Varying the Einstein-Hilbert action with respect to the physical metric, taking into 
account its dependence on g̃µν  and ϕ as in Eq. (1), leads to an additional contribution which mimics cosmological 
(cold) DM. The appearance of the additional degree of freedom can be understood in terms of the transformation 
between the physical and auxiliary metric being a singular (non-invertible) disformal transformation40–46, which 
therefore renders the longitudinal mode of gravity dynamical even in the absence of matter fields.

The mimetic constraint Eq. (2) can be introduced at the level of the action via a Lagrange multiplier term47:

	
S± =

∫
d4x

√
−g

[
R

2
+ λ

(
gµν∂µϕ∂νϕ∓ 1

)]
,� (3)

where R is the Ricci scalar constructed from the physical metric gµν, while the auxiliary field λ enforces 
the mimetic constraint Eq.  (2), and the S− (S+) action corresponds to timelike (spacelike) ∂µϕ. The above 
formulation also makes the connection to related earlier models clearer48–50. Aside from the mimetic constraint 
provided in Eq. (2), which can be obtained by extremizing Eq. (3) with respect to the Lagrange multiplier λ, 
the other field equations are obtained by extremizing Eq. (3) with respect to the mimetic field ϕ and the metric 
tensor gµν. This procedure leads to the following equation of motion for the scalar field:

	 ∂µ
(√

−gλgµν∂νϕ
)
= 0,� (4)

and the following gravitational field equations:

	
Rµν −

1

2
gµνR = −2λ∂µϕ∂νϕ,� (5)

with Rµν  and R the Ricci tensor and Ricci scalar respectively. It is clear that Eq. (5) differs from the field equations 
of GR through the extra source term on the right-hand side, which on cosmological scales mimics a cold DM 
component whose energy density is controlled by λ5.

It is important to note that the principle of conformal invariance allows us to fix the functional form of the 
conformal factor in terms of the auxiliary metric g̃µν  and the scalar field ϕ, but not the overall sign37,41): 
therefore, one is in principle faced with two equally valid actions within the basic theory of mimetic gravity. For 
cosmological applications, in the presence of time-dependent homogeneous backgrounds, one typically adopts 
the S− action, where the mimetic field plays the role of dust (cold DM). However, consistent static solutions such 
as those describing compact objects require one to adopt the S+ action, in order to avoid an imaginary mimetic 
field. Finally, relatively simple extensions of Eq. (3) have been studied over the past decade, and allow one to 
mimic both DM and DE on cosmological scales (potentially also with an inflationary mechanism), and more 
generally to obtain any desired background expansion6–8,12–14,20,22,31,32, making mimetic gravity an appealing 
cosmological framework.
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In what follows, we shall exclusively consider the case where λ ̸= 0, since the λ = 0 case is of no cosmological 
interest (in the latter case mimetic gravity admits stealth Schwarzschild BHs as well as related solutions51, which 
are phenomenologically equivalent, including at the level of shadow properties, to Schwarzschild BHs). When 
attempting to construct static solutions in mimetic gravity, i.e., where ∂tϕ = 0, an immediate obstruction emerges 
within the S− branch. In this case, it is clear that for the mimetic constraint Eq. (2) to be satisfied, the mimetic 
field must be imaginary. Although static spherically solutions in mimetic gravity with an imaginary field have 
been studied earlier52–54, it was later realized that such solutions are pathological and cannot be considered 
astrophysically relevant. These results are completely consistent with a related no-go theorem in Hořava–Lifshitz 
gravity55, whose projectable version in the low-energy limit is equivalent to mimetic gravity56–58. Therefore, the 
only way by means of which the static ansatz can be consistent with the mimetic constraint is by working in the 
S+ branch and considering spacelike ∂µϕ, with ϕ = ϕ(r)59–61. The impossibility of obtaining static solutions 
purely within the S− branch is consistent with the fact that in mimetic theories energy flows along ∂µϕ along 
this branch, which is a timelike geodesic48. Given that energy freely falls, it is impossible to find static solutions.

With the above considerations in mind, the only static spherically symmetric solution supported within 
the S+ branch of mimetic gravity when λ ̸= 0 was shown to be a naked singularity, whose line element is the 
following37:

	
ds2ns = − dt2

4r4λ2
+

dr2

1 + c0
r

+ r2dΩ2,� (6)

where dΩ2 = dθ2 + sin2(θ)dφ2 is the metric on the 2-sphere, c0 > 0 is an integration constant, and the Lagrange 
multiplier λ(r) takes the following form:

	

λ(r) =
1

2r2


1−


1 +

c0
r
×


 1

1 + c0
rf

+ ln


r

rf

1 +

1 + c0

r

1 +

1 + c0

rf






−1

,� (7)

with rf  being a free parameter. The behavior of λ(r) is shown in the left panel of Fig. 1 for different values of rf , 
making it clear that λ diverges at both r = 0 and r = rf : the former is associated to the usual central curvature 
singularity present also in the Schwarzschild BH, whereas the latter is associated to a caustic singularity37. Given 
that for r > rf  the curvature invariants switch sign, we consider only the region of positive curvature and restrict 
the coordinate r to r ∈ [0, rf), where the metric is applicable, and avoiding the caustic singularity37.

The NS solution described previously assumes the S+ branch throughout the entire manifold, and requires 
c0 > 0 in Eq. (6). However, in the c0 < 0 case it is possible to construct a mimetic BH solution37. This requires a 
particular gluing technique: the S+ branch is considered when describing the exterior space-time, whereas the 
interior space-time described by the S− branch is homogeneous but anisotropic, with the two solutions glued 
through appropriate junction conditions. The line element of the resulting mimetic BH exterior space-time, in 
coordinates (t+, r+, θ, φ), is given by37:

	
ds2bh+ = −

dt2+
4r4+λ

2
+

+
dr2+

1− 2m
r+

+ r2+dΩ
2,� (8)

Fig. 1.  Radial profile of the Lagrange multiplier λ. Left panel: evolution of λ as a function of the radial 
coordinate r for the mimetic naked singularity, as given by Eq. (7), for different values of the parameter rf , 
as indicated by the color coding. Right panel: as in the left panel, but for the mimetic black hole, as given by 
Eq. (9), with the restriction r ≥ 2M. In both cases the Lagrange multiplier diverges at the caustic singularity 
r = rf ,limiting the domain of validity of the solutions to r < rf .
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where m+ = −c0/2 can ultimately be identified with the BH mass M [so Eq. (8) is effectively of the same form 
of Eq. (6)], whereas the Lagrange multiplier λ+ takes the same form as Eq. (7):

	

λ+(r+) =
1

2r2+


1−


1− 2m+

r+


 1

1− 2m+
rf

+ ln


r+
rf

1 +

1− 2m+

r+

1 +

1− 2m+

rf






−1

,� (9)

with rf  being once more a free parameter. This solution is valid for r+ ≥ |c0| = 2m+, and the behaviour of λ+(r) 
is shown in the right panel of Fig. 1 for different values of rf . The behaviour of λ+(r) is obviously identical to that 
of λ(r) for the NS, with the only key difference being the restricted domain in the r coordinate. In this way, the 
central singularity is avoided, but the caustic singularity at r = rf  remains37. The metric is therefore applicable 
in the range r ∈ [2m+, rf), and the surface r+ = 2m+ constitutes an apparent horizon for the mimetic BH37.

For completeness, although it is not required for the purposes of studying the mimetic BH’s shadow properties, 
we also report the line element of the mimetic BH interior space-time, matched continuously to that in Eq. (9) at 
the apparent horizon. In coordinates (t−, r−, θ, φ), this time-dependent homogeneous anisotropic line element 
is given by37:

	
ds2bh− = −

dt2−
2m−
t − 1

+
dr2−

4t4−λ
2
−
+ t2−dΩ

2,� (10)

where m− = m+ = −2c0 and will be denoted by M in what follows, whereas the Lagrange multiplier λ− is given 
by:

	

λ−(r) = − 1

2t2−




1−


2m−

t−
− 1


 1

2m−
ti

− 1
+ arctan


2m−

t−
− 1


− arctan


2m−

ti
− 1








−1

,� (11)

where ti is one of the two times at which λ− diverges (the other one being at t− = 0). The complete mimetic BH 
solution is obtained by gluing Eqs. (8) and (10) at the apparent horizon. Nevertheless, as mentioned earlier, it is 
only the exterior solution which is relevant for studying the mimetic BH shadow properties, whereas the interior 
solution has only been provided for completeness.

Methods: shadow properties of mimetic compact objects
The optical appearance of SMBHs in Very Long Baseline Interferometry (VLBI) arrays such as the EHT is closely 
tied to the theoretical concept of BH shadow62–64. The main features observed in VLBI BH images are a bright 
emission ring surrounding a central brightness depression65, and it is the latter which is related to the BH shadow. 
The edge of the BH shadow, on the plane of a distant observer, separates capture orbits from scattering orbits, 
and is the apparent image of the photon region (photon sphere in the case of spherically symmetric metrics), i.e. 
the region of space-time which supports closed photon orbits. In recent years, following the milestone horizon-
scale images of M87⋆38 and Sgr A⋆39 released by the EHT, there has been enormous interest in using BH shadows 
to test fundamental physics66–99.

The line element of the space-times we are interested in are all of the following form:

	 ds2 = −A(r)dt2 + B(r)dr2 + r2dΩ2,� (12)

where we refer to A(r) as the lapse function (also referred to as metric function in various works in the shadow 
literature), and r is manifestly the areal radius. If such a metric admits a photon sphere, its radial coordinate rph 
is given by the solution to63:

	
A(rph)−

1

2
rphA

′(rph) = 0,� (13)

where the prime denotes a derivative with respect to r. The radius of the shadow seen by a distant observer, rsh, 
is given by:

	
rsh =

r√
A(r)

∣∣∣∣∣
rph

.� (14)

In what follows, we will use Eqs. (13), (14) to compute the size of the shadows cast by mimetic compact objects, 
reading off A(r) from Eqs. (6), (8) for the mimetic NS and mimetic BH respectively.
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Mimetic naked singularity
We begin by considering the mimetic NS, for which A(r) = 1/4r4λ2, and for which we recall that the domain of 
validity is r ∈ [0, rf). Using the fact that λ(r) is given by Eq. (7), and plugging A(r) = 1/4r4λ(r)2 into Eq. (13), 
with some tedious but otherwise completely straightforward algebraic manipulation Eq. (13) can be recast into 
the following form:

	 f 2
1 (rph)− rphf1(rph)f2(rph) = 0,� (15)

with the functions f1(r) and f2(r) given by:

	

f1(rph) = 1−


1 +
c0
rph




1
1 + c0

rf

+ ln





1 +


1 + c0

rph


rph
rf

1 +

1 + c0

rf







2

,� (16)

and:

	

f2(rph) =

c0





1
1+

c0
rf

+ln





1+


1+

c0
rph


rph
rf

1+


1+

c0
rf








2r2ph


1+

c0
rph

−


1 +

1 + c0

rph


rph
rf

−1

×


1 + c0
rph


1 +


1 + c0

rf


1+


1+

c0
rph

2rf


1+


1+

c0
rf


rph
rf

−
c0


rph
rf

2r2ph


1+

c0
rph


1+


1+

c0
rf




 .

� (17)

We solve Eq. (15) numerically for various values of c0 and rf . We find that, regardless of the value of c0 > 0, there 
are always two roots for the photon sphere radius rph : one exactly at rph,1 = rf , and the second at rph,2 > rf. 
The value of the first root is always rf  independently of the value of c0, whereas the second varies as c0 changes, 
but always remains > rf. We recall that for the mimetic NS the domain of validity is r ∈ [0, rf), which implies 
that neither of the two roots are physical. Therefore, the mimetic NS does not possess a photon sphere in the 
domain of validity.

One might be tempted to jump to the conclusion that the mimetic NS does not cast a shadow, given the lack of 
photon sphere. However, explicit counterexamples of NSs which do not possess a photon sphere, and yet cast 
a shadow, have been constructed in the literature100,101. A space-time with no photon sphere may still cast a 
shadow, though whether or not it does is critically related to the behaviour of the effective potential Veff(r) near 
the origin, and in particular on whether the specific form of Veff(r) supports a minimum impact parameter of 
turning point for null geodesics which is non-zero. This is possible if and only if the effective potential does 
not diverge. Denoting by btp and rtp the minimum impact parameter and turning point coordinate for null 
geodesics, the following holds for static spherically symmetric metrics:

	 Veff(rtp) = 1/b2tp = 1/r2sh,� (18)

which clearly shows that if V diverges, btp → 0 and rsh → 0. To put it differently, if btp ̸= 0, null geodesics coming 
from a distant source with impact parameter b < btp will end up being trapped closer to the singularity, whereas 
those with b > btp will manage to scatter back to infinity: this leads to a shadow feature being seen by a distant 
observer even in the absence of a photon sphere, solely as a result of the curvature of space-time100. In the case 
of the mimetic NS, it is easy to see that the effective potential diverges, so the impact parameter at the minimum 
turning point radius, rtp = 0, is given by100:

	
btp =

r√
A(r)

∣∣∣∣∣
rtp

→ 0.� (19)

This is in contrast to other examples studied in the literature where, despite the absence of a photon sphere, btp 
converges to a finite, non-zero value100,102. We therefore conclude that the mimetic naked singularity does not cast 
a shadow. From this, we can immediately assert that mimetic NSs are ruled out as candidates to explain the EHT 
images of M87⋆ and Sgr A⋆. This can also be appreciated in the left panel of Fig. 2, where we show examples of 
null geodesics in the equatorial plane of the mimetic NS. It is clear that the mimetic NS only possesses scattering 
orbits, even for low impact parameter values, because the divergent effective potential “repels” null geodesics 
away from the singularity. This, in turn, leads to the mimetic NS not casting a shadow. For comparison, in the 
intermediate panel of Fig. 2 we show examples of null geodesics in the equatorial plane of the mimetic BH (to be 
discussed shortly), whereas in the right panel we do the same for the Schwarzschild BH: Fig. 2 clearly shows the 
very different nature of null geodesics in all three space-times, which in turn leads to their having very different 
shadow properties.
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Part of the above result was predicated upon the absence of a photon sphere, and in particular our choice to 
discard the first root rph,1 = rf  on the basis of the domain of validity being r ∈ [0, rf). One may however wonder 
if and how the above results change if we admit rph = rf  as a legitimate root. Recall that λ diverges at the caustic 
singularity r = rf  (see the left panel of Fig.  1), and therefore A(r) = 1/4r4λ2 → 0, implying that rsh would 
diverge. This is of course phenomenologically unacceptable and in stark disagreement with the EHT images of 
M87⋆ and Sgr A⋆ (although we stress that this result is anyhow inadmissible as rph,1 = rf  is not a valid root).

Mimetic black hole
We now move on to the mimetic BH. To study its shadow properties we only need to consider the exterior 
space-time, for which A(r) = 1/4r4λ2

+, and for which we recall that the domain of validity is r ∈ [2M, rf). 
Using the fact that λ+(r) is given by Eq. (9), and plugging A(r) = 1/4r4λ+(r)

2 into Eq. (13), with some tedious 
but otherwise completely straightforward algebraic manipulation Eq. (13) can be recast into the following form:

	 g21(rph)− rphg1(rph)g2(rph) = 0,� (20)

with the functions g1(r) and g2(r) given by:

	

g1(rph) = 1−


1− 2m

rph


 1

1− 2m
rf

+ ln





1 +


1− 2m

rph


rph
rf

1 +

1− 2m

rf






2

,� (21)

and:

	

g2(rph) = −
m





1
1−2m

rf

+ln





1+


1− 2m

rph


rph
rf

1+


1−2m

rf








2r2ph


1− 2m

rph

−


1 +


1− 2m
rph


rph
rf

−1

×


1− 2m
rph


1 +


1− 2m

rf





1+


1+ 2m

rph

2rf


1+


1−2m

rf


rph
rf

+
m


rph
rf

2r2ph


1− 2m

rph


1+


1−2m

rf




 .

� (22)

We solve Eq. (15) numerically for various values of rf .

From our numerical analysis, we observe that the behavior of the roots of Eq. (15) depends on whether rf ≷ 7M. 
For rf ≤ 7M  we find a unique root at rph = rf . This is of course physically unacceptable as it falls out of the 
domain of validity r ∈ [2M, rf) (and, just as in the NS case, accepting it would lead to a divergent rsh which is 
again phenomenologically unacceptable). On the other hand, for rf > 7M, we find two distinct roots. The larger 
root is always located at rph,2 = rf  and, as per our earlier considerations, has to be discarded. On the other hand, 
the smaller root rph,1 lies in the range r ∈ [2M, rf) and hence can be considered physically valid.

The location of the physically valid root rph,1 as a function of rf  for rf > 7M  is given by the red dot-dashed 
curve in the left panel of Fig. 3. The trend we observe is that rph,1 is very close to the radius of the apparent 
horizon, rH = 2M, and is a monotonically (extremely slowly) increasing function of rf . To better understand 

Fig. 2.  Null geodesics. Examples of null geodesics in the equatorial plane of the mimetic naked singularity 
(left panel), mimetic black hole (intermediate panel), and Schwarzschild black hole (right panel). Within 
each panel, colors correspond to null geodesics characterized by different impact parameters. The black solid 
and grey dotted curves indicate the shadow and photon sphere respectively (as discussed in the text, both are 
absent in the case of the mimetic naked singularity, for which only scattering orbits exist).
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the origin of this root, we plot an example effective potential Veff(r) in the right panel of Fig. 3. With no loss of 
generality and consistently with the symmetries of the problem, we consider motion in the equatorial plane, 
in which case Veff = A(r)/r2. We see that as r decreases moving towards the horizon, Veff increases sharply, 
before displaying a small dip close to the horizon. Being a local maximum, the peak in Veff marks the position 
of unstable circular orbits, and hence of the photon sphere, which lies very close to the horizon. This can be 
contrasted to the typical shape of the effective potential for the Schwarzschild BH, where the location of the 
photon sphere rph = 3M  is well distinct from that of the event horizon.

Taking the physically acceptable root of Eq. (20), we use Eq. (14) to calculate the size of the resulting shadow, 
given by the black solid curve in the left panel of Fig. 3. Our calculation shows that rsh is a monotonically (very 
slowly) decreasing function of rf , decreasing from values rsh ≈ 2M  for rf ≈ 7M, to progressively smaller values 
as rf  is increased (see also the intermediate panel of Fig. 2). Again, this can be contrasted to the case of the 
Schwarzschild BH, where rsh = 3

√
3M  (see the right panel of Fig. 2).

These values of rsh are observationally problematic as they correspond to a shadow size much smaller 
than what has been inferred for both M87⋆ and Sgr A⋆, both of which are consistent with expectations for 
a Schwarzschild BH given external measurements of the sources’ mass-to-distance ratios. For instance, in 
the case of M87⋆, combining information on the angular size of the image and the distance to the source, a 
shadow diameter 2rsh/M ≈ 11.0± 1.5 is found103 (see the blue bands in Fig. 3), in agreement with the expected 
6
√
3 ≈ 10.4 for the Schwarzschild metric. Similarly, for Sgr A⋆, combining measurements of the source’s mass-

to-distance ratio from Keck and VLTI, the 2σ interval 4.21 ≲ rsh/M ≲ 5.56 is inferred102 (see the green bands 
in Fig. 3). In both cases, the predicted size of the mimetic BH shadow is outside of the allowed range by several 
standard deviations, as is clear from the blue and green bands in Fig. 3. We therefore conclude that, despite 
mimetic BHs casting a shadow, the latter is too small to be consistent with the images of M87⋆ and Sgr A⋆ 
observed by the EHT, which therefore exclude these space-times in the domain of validity. We conclude that 
black hole shadow observations rule out baseline mimetic gravity.

Conclusions
A number of theories of modified gravity are cosmologically very appealing in light of their potential to account, 
albeit not without challenges, for the dark sector components. It is nonetheless of paramount importance to 
test the consistency of these models against the increasing range of available observations on smaller scales. We 
considered the case of mimetic gravity4,5, a framework of modified gravity related to GR by a non-invertible 
disformal transformation, and which can mimic dark matter and dark energy on cosmological scales. Consistent 
solutions for compact objects in the baseline mimetic gravity setting are non-trivial, and the only natural objects 
in this sense are a naked singularity solution, and a black hole obtained through a non-trivial gluing procedure. 
Our goal in this work has been to study the shadow properties of these non-trivial objects, in order to qualitatively 
confront them against recent VLBI horizon-scale images from the Event Horizon Telescope.

We have shown that the shadow properties of both classes of compact objects in mimetic gravity are 
pathological: in particular, the mimetic naked singularity does not cast a shadow, whereas the mimetic BH 
always casts a shadow which is significantly smaller than that of the Schwarzschild space-time. A diagrammatic 
summary of our results is provided in Fig.  4. Even without going in detail into an analysis of the optical 
appearance of these compact objects (which would require a model for the surrounding accretion flow), the 
above properties are more than sufficient to conclude that both space-times are in very strong disagreement with 
the EHT images of M87⋆ and Sgr A⋆38,39.

In short, our main conclusion is that black hole shadow observations rule out baseline mimetic gravity. 
There remains the possibility of stealth Schwarzschild BHs in mimetic gravity, which would be in agreement 

Fig. 3.  Mimetic black hole photon sphere, shadow, and effective potential. Left panel: evolution of the size of 
the photon ring (red dot-dashed curve) and shadow (black solid curve) of the mimetic black hole as a function 
of the parameter rf . The dark green and light green (dark blue and light blue) regions are consistent with the 
EHT image of M87⋆ [Sgr A⋆] at 1σ and 2σ respectively. Right panel: Effective potential profile of the mimetic 
black hole space-time, for both the exterior (cyan solid curve) and interior (magenta dot-dashed curve) 
solutions, with the dashed vertical curve indicating the location of the apparent horizon at rH = 2M.
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with the EHT observations—however, such a trivial solution is only allowed when λ = 0, which is obviously 
cosmologically uninteresting. Another possibility is to envisage extensions and/or variations of baseline mimetic 
gravity, which may accommodate different classes of space-times (an interesting possibility in this sense is to 
modify the mimetic constraint by introducing a function ω(ϕ) on the left-hand side104,105), and we leave a 
detailed investigation thereof to future work. Our results highlight an interesting complementarity between 
cosmology and BH imaging, where the latter observations can be used to rule out theories of interest to the 
former. At the dawn of the BH imaging era and as a number of Stage IV cosmological surveys have just launched, 
we strongly encourage the community to explore similar tests in order to narrow down viable theories of gravity.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on 
reasonable request.
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