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DARK ENERGY IN DESI
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For dark energy (DE) being a dynamical field, an equation-of-state parameter w < —1 leads to the phantom
DE state, allowing wormhole (WH) throats to be stabilized effectively. We investigated the possibility of the
existence of traversable WHs, whose stability is fully ensured by phantom DE, the dominance of which was re-
cently indicated by the DESI project. Within the framework of the simple Morris—Thorne model, we derived a
phenomenological relation connecting the throat radius b with the energy density of the phantom dynamical field
Pph(z). This establishes a direct connection between cosmological parameters and the properties of traversable
WHs, showing that phantom DE could, in principle, serve as the exotic matter required to sustain WHs with
throat sizes spanning from the gravitational radii of stellar-mass BHs and SMBHs up to cosmological scales. We
investigated possible WH formation channels and showed extreme suppression of two mechanisms (Euclidean
instanton tunneling and thermal fluctuation nucleation). Using gravitational lensing SQLS constraints on Ellis—
Bronnikov WHSs, we quantified the fraction of phantom energy that can be trapped in such WHs, f ~ 107!,
indicating that only a small fraction of the phantom DE can be trapped in WH throats. Overall, our results
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CONSTRAINTS ON WORMHOLE FORMATION FROM PHANTOM

show both the theoretical consistency and the observational limitations of phantom-supported WHs.

DOI: 10.7868,/S3034641X25120078

1. INTRODUCTION

Dark energy (DE), which is responsible, among
other things, for the observed accelerated expansion of
our Universe, can be described not only with the help
of a fundamental physical constant (A-term), but also
with the help of some field with a certain equation of
state.

A promising concept for describing DE is to repre-
sent it as dynamic, with an equation of state

p = wp,

where p is the spatially homogeneous DE pressure, p
is DE energy density, and the equation-of-state (EoS)
parameter w = w(t) (w = —1 corresponds to a cosmo-
logical constant).

In practice, the introduction of the parameter w de-
pendence on time ¢ into cosmological models is carried
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out by assuming the existence of one or more scalar
fields in the Universe [1]. This dependence (or, in the
equivalent form, w = w(a)), is one of the most promis-
ing areas in an attempt to solve the Hubble tension
problem (see [2] and references therein).

Despite the fact that null energy condition (NEC)
implies w(t) > —1 to avoid instabilities in DE behav-
ior, the instability timescale can be greater than the age
of the Universe [3] (it is possible to avoid the Big Rip
scenario). Therefore, from a theoretical point of view
one can construct realistic models of DE with w < —1.
This so-called phantom DE, with positive energy den-
sity, negative pressure, and w < —1 has been investi-
gated by many authors, [4-8].

It is very important to note that observational lim-
its obtained in the last two decades also do not exclude
phantom DE. Limits obtained from CMB data, large
scale structure data, HST measurements of Type Ia
supernovae, give —1.62 < w < —0.74,95% c.l. [3]. Ac-
cording to Planck data, wg = —1.006 & 0.045 [9].

The result, recently obtained combining the CMB,
SDSS, and DESI data [10,11] could challenge the in-
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terpretation of the present-day accelerated expansion
of the Universe within the framework of the standard
ACDM-model, pointing to a dynamical DE component
characterized by present-day quintessence-like behav-
ior (w > —1) that transitioned into the phantom-like
regime in the past (w < —1) in z =~ 0.3 (for detailed
error bars see [11]). We should immediately note here
and emphasize further that error bars in determining
the dynamic parameter of the DE state create great
uncertainty for predicting the effects associated with
phantom energy. Thus, without denying the existence
of phantom DE as such, the more subtle effects as-
sociated with it require improved accuracy in future
experiments.

~
~

Due to such significant statistical indications of the
presence of the DE in the form of phantom energy
for redshifts approximately z > 0.3, objects whose ap-
pearance, stability, and evolution require phantom en-
ergy become particularly interesting. First of all, these
are number of models of wormholes (WHs), for the
stabilization and traversability of which this DE type
is preferable. As this is the phantom DE to sustain
traversable WH, this DE type presents us with a natu-
ral scenario for the existence of these exotic geometries.

The existence of WHs in the context of the pres-
ence of phantom energy has been considered by many
authors (see [12-15] and references therein). Despite
the fact that phantom energy is some kind of a ho-
mogeneously distributed fluid, it can be extended to
inhomogeneous spherically symmetric spacetimes like
WHs. Macroscopic WH could naturally be grown from
the submicroscopic constructions that originally per-
vaded the quantum foam [14]. It was shown in [16]
that as a (submicroscopic) WH accretes phantom en-
ergy, the radius of the respective throat will gradually
increase to macroscopic dimensions. Thus, it seems
that as the phantom energy dominates for z > 0.3, a
natural process for the formation and growth of macro-
scopic traversable WH exists.

Then the WH size could increase by a factor which
is proportional to the scale factor of the Universe, and
still increases significantly if the cosmic expansion is
driven by phantom energy [17]. Thus, supermassive
black holes (SMBHSs) in the center of galaxies (espe-
cially in our own Milky Way), which may turn out to
be WH, are beginning to be of particular interest.

Until recently, assuming WH were formed during
the period of inflation [18], it turned out to be theoret-
ically possible, in principle, to obtain WH of any size
at present time.

Literature provides several possibilities for WH nu-
cleation, such as Euclidean instantons (EI) [19] and
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Coleman-De Luccia (CDL) Tunneling [20]. Yet the
CDL-approach is somewhat arguable to be applied
since it requires action to be bound from below, which
is not true for a phantom field. The EI formalism is gen-
eral, but we specialize it to a phantom background for
the support of the throat. However, as will be shown
in this paper, both scenarios are untenable, at least
within the framework of our simple WH model under
consideration.

The main purpose of our work is to investigate the
possibility of the existence of traversable WH stabilized
by phantom DE, the dominance of which has recently
been discovered [10].

The paper is organized as follows. In Section 2
we discuss the relation between phantom DE and WH
throat conditions. We found the connection of the WH
throat conditions with a simple equation-of-state (EoS)
of phantom DE to derive a phenomenological relation
between the WH throat radius and phantom DE den-
sity, assuming it can be responsible for sustaining WHs.
In Section 3 we discuss for the WH formation the Eu-
clidean instantons (EI) formalism and Morris—Thorne
formalism (instanton-like scaling and WH nucleation
as thermal fluctuation). In Section 4 we estimate the
fraction of phantom DE needed to support the Ellis—
Bronnikov WHs using the SQLS+DESI observational
data. Section 5 is discussion. Section 6 is conclusion.

2. PHANTOM DE AND WH THROAT
CONDITIONS

Traversable WHs are known to require exotic mat-
ter that violates NEC for stabilizing their throats. The
Morris—Thorne ansatz [21] provides a canonical exam-
ple for analyzing such configurations. One of the main
properties that describe the Morris — Thorne WH geom-
etry is the shape function b(r), which sets the throat ra-
dius and, all in all, determines how strongly the stress-
energy tensor (SET) violates the NEC.

For the Morris— Thorne WH [21]

b(r)

r

—1
ds? = —e?®M 12 4 (1 - ) dr® +r2dQ* (1)

we know the relation between the SET and the WH
shape function b(r). We can then connect the throat
conditions to a simple EoS of phantom energy p = wp
to derive a phenomenological relation between the WH
throat radius and cosmological energy density, assum-
ing it can be responsible for sustaining WHs.
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Relation between SET and WH throat size by in the
framework of NEC-violation can be obtained as follows.
The EoS and NEC-violation:

DPr = wp,

prtp=(1+w)p<0.

The relation between the pressure p and the shape
function, which follows from the field equations, is given
by [21]:

1 b
 8rGe 2
which, after substituting the EoS and replacing rg with
bo at the WH throat, immediately yields

= ( >/

Expression (2) is rather a phenomenological scaling,
but not an exact solution of the field equations them-
selves. Under the assumption that the exotic matter
supporting the WH throat can be substituted by the
homogeneous phantom energy of cosmological origin
we conclude that the energy density at the throat p
is defined by the background value of pp. This heuris-
tic scaling provides a bridge between cosmological ob-
servations and WH properties and allows for a broad
spectrum of WH sizes, being sensitive to the ppn de-
pendence on z as well as to the CPL parameters w,
and wp, where these DE parameters are taken in the

form
) . 3)

The parameters wg and w, have been estimated and
constrained with current observational data in [11].
For this general, time-varying EoS w(z), the stan-
dard parametrization of phantom DE leads to the evo-
lution law in the following form [2]:
dz) .4

Here Qpr = 0.685 [9], Hp = 69.6 + 1.8 [22]. (The
method to calculate the modern value of Hubble pa-
rameter was as follows. The distances to the SNe Ia
supernovae were refined by calibrating the distances to
the cepheids using Hubble and Gaia data.)

The lower limit in (4) is assumed to be equal to the
value of the redshift at which the phantom energy was
replaced by the quintessence, z ~ 0.3 [11]. Formally,
the DE dynamic EoS retains its form up to a current

p=—-T=

1
8nGe 4 ppn|w]

(2)

_ . W(1—
w = w(z) w0+w( T2

z

(-]

0.3

3HZc?
81

1+ w(z)
142

ppn(2) = QpE
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moment in time (z = 0), however, in the absence of
phantom DE, phantom stabilized WHs do not arise at
all, therefore, we can consider the process of their cre-
ation only for redshifts from z ~ 0.3 and more.

The relations (2) and (4) effectively specify, for
a given redshift z, the maximum throat radius b(z)
that could in principle be sustained by the background
phantom energy density ppn(z). Since there already ex-
ist observational constraints from gravitational lensing
[23], this scaling can also be used to estimate the red-
shift intervals in which WHs of a given size might have
been supported.

The scaling expressed in Fig. 1 illustrates that the
allowed WH throat radius spans over several orders of
magnitude, depending on a chosen cosmological probe.
While this approach is only a phenomenological scal-
ing, it nevertheless shows that the cosmological phan-
tom energy could, in principle, supply the exotic mat-
ter needed to sustain traversable WHs — not only on
cosmological scales, but also on smaller ones, compa-
rable to present-day BHs and SMBHs, including ones,
discussed in our resent paper [24].

This result does not imply that WHs are necessar-
ily formed at such epochs but rather that, if they exist,
they could be maintained by phantom DE at the level
of ppn(2). In that sense, one could equally argue that
WHs may have originated at earlier times but are stabi-
lized with throat radii b(z) consistent with the evolving
density.

So, a WH that could form at z > 20 could not ex-
ceed a radius of about 10'° pc, and there is virtually no
lower limit, which is due to the large uncertainty in the
phantom DE parameters from (3). In later epochs, only
WH of exceptionally large masses, exceeding in size 10°
pc, could form from phantom DE. This fact indicates
that we should rather expect the birth of WHs in the
early Universe.

Therefore the natural next step is to apply this scal-
ing to WH formation details. Noticeably, the intriguing
interval for b(z), that contains throat radii compara-
ble to the modern Schwarzschild radii of known BHs
of wide range of masses, lies in a substantially high-
redshift region with z ~ 20 according to the obtained
results. Thus the scenario of WH formation clearly lies
outside the realm of stellar collapse origins. That sug-
gests that a different — likely quantum — mechanism
would be required. Possible candidates for such pro-
cesses and their effectiveness will be discussed in the
following sections.

Finally, we emphasize that the present discussion
applies only to WHs supported by cosmological phan-
tom energy. If other exotic forms of matter or stabiliza-
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Fig. 1. Constraints on the WH throat radius b(z) using parameters wo, wq derived from various cosmological probes. From all
the datasets in [11], the ones showing the greatest preference for dynamic DE have been chosen. The lines represent the mean
value and the shaded regions correspond to the 1o uncertainty. Schwarzschild radii of selected BHs are plotted for comparison.

tion mechanisms are introduced, then the correspond-
ing constraints on b(z) may differ significantly, but the
general framework presented here can still be adapted
to such cases.

3. TUNNELING AND WH FORMATION
LIMITS

3.1. WH nucleation in Euclidean Instantons
models

Let us discuss the following possibility for WH nu-
cleation, such as Euclidean instantons (EI) [19] formal-
ism in application to a phantom background for the
support of the WH throat.

The nucleation rate I' of WHs via instanton-
mediated quantum tunneling is given by the semiclas-
sical approximation:

[~ Ae 9",

where Sg is the Euclidean action of the instanton and
A is a prefactor determined by quantum fluctuations.
As the computing of Sg is highly complicated, we will
take some asymptotical features from [19]. The nu-
merical factor in the exponent is sometimes written as
e~2%# although it does not affect the general scaling
arguments below.

The prefactor A is subdominant to the exponential
suppression so we omit it henceforth. In natural units
(¢ = h = 1) the Euclidean action Sg is dimensionless
and our goal is to estimate the suppression by dimen-
sional analysis using the characteristic features of WH
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throat geometry. With this setup, we proceed to the
Morris — Thorne WH formation.

3.2. Morris— Thorne WH formation

3.2.1. Instanton-like scaling

In Sec. 2 we obtained the WH throat radius as

1 1/2
b(z) = ,
& = (srerrmmeman)
where
B HZc? 1 + w(z)
ppn(2) = QpE 3G exp (—3/ Hizdz >

0.3

w(z) is defined by (3) and [11], Qpg
Hy =69.6 +1.8 [22].

To estimate the Euclidean action for a phantom-
supported WH we use dimensional analysis to capture
the basic scaling behavior. The Einstein—Hilbert action
in Euclidean signature scales as

1 1
SE ~ 5 /d4l'\/ —gR+ S’matte'r‘ Z 5 /d4l’\/ —gR

Since the dominant curvature scale for a Morris—
Thorne WH is

0.685 [9],

1

RNb_2

and the characteristic 4D-volume scales as b*, combin-
ing these gives

Si(z) ~ %b‘*(z)

b%(2)
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Substituting the throat radius b(z) and restoring SI
units yields

1

2~ G R po T (]

The corresponding nucleation rate is then

1
8nG2c=4h ppn(2)|w(z)]

[ ~e 95 < oxp < ) .

This expression represents an instanton-like scaling
law that allows us to bypass obtaining of an exact Eu-
clidean action and numerical factors in order to esti-
mate the scaling behavior of the formation rate as a
function of ppn(2) and w(z). It demonstrates the sup-
pression effectively for WHs tied to the cosmological
phantom energy.

3.2.2. WH nucleation as a thermal fluctuation

An alternative possibility for the WH formation is
thermal nucleation — a fluctuation that assembles the
phantom energy into a localized configuration that later
becomes a WH throat stabilized by the energy inside.
This idea, originally proposed for BH nucleation [25],
can be heuristically applied to WHs as well.

We note two important caveats:

e phantom energy instability might result in the
absence of thermal equilibrium;

e the WH energy Fwny is well-defined only for static
settings.

We therefore proceed within a static order-of-
magnitude approximation.

We estimate the “energy cost” to nucleate a WH as
the energy in a throat-sized region:

EWH ~ pphV ~ pphb3;

which using the scaling formula (2) transforms into

1 1
Ewn ~ 5

(87Ge=1)? ph i

The thermal nucleation rate is then given by a
Boltzmann factor

where the temperature according to [26] is related to a
surface gravity as
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and the surface gravity of a spacetime as a whole is re-
lated to a Hubble parameter H(z) as follows (see [27],
[28]):
k= lim Va=R'=H
rs—R
at a given z.
Then the resulting expression (with the SI units re-

stored) is as follows:
) <o )

EWH 27T]€BC

kp hcH(z)

~ Ewn
kBT(Z)

I(2) ~ exp <

27 1 1
F(Z) ~€exXp | —— 3 1 3 )
b (87Ge=4)2 H(z) ppu(2)2|w(z)|2
where
H*(z) = H? <Qm(z+ 13 4+ Qraa(z + 1)+ Qu(z +1)%+

z

+QDEeXp(—3/ dz))
0
Here €, 0.315, Q,..¢ = 0.0001, Qf
Qpr =0.685, Hy = 69.6.
This expression differs in z-dependence from the in-

1+ w(z)
142

= = 0,

stanton result, as expected, because it originates from
a thermodynamic rather than semiclassical gravity ar-
gument, still yielding negligible formation rates.

The comparison of two formation mechanisms is
shown in Fig. 2. The estimates show that both tunnel-
ing and thermal nucleation mechanisms are extremely
suppressed with the tunneling channel being dominant
but still negligible at any redshifts. In other words,
although the phantom background could in principle
provide the exotic energy needed to maintain WHs,
it is extremely unlikely to induce their formation via
mechanisms considered.

4. PHANTOM ELLIS - BRONNIKOV WH IN
SQLS+DESI DATA

Let us estimate the fraction of phantom DE needed
to support the Ellis —Bronnikov WH [29, 30] using the
SQLS-+DESI observational data, [10,31].

The Ellis—Bronnikov WH is known to be an exact
solution of the Einstein—scalar system where the scalar
field has negative kinetic energy (phantom DE). If we
put in (1) ® = 0 and b(r) = ¢*/r then the metric takes
the previously found in [29,30] form

r2
5 dr? + r2d0?
—q

ds?® = —dt* + 5
r
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Fig. 2. Comparison of the considered formation mechanisms. T'; refers to the tunneling, T’ refers to the thermal nucleation
channel. Only exponents are plotted since in both mechanisms the overall impact is vanishing. The tunneling channel exhibits a
greater contribution, but still remains negligible at any z.

or

ds* = —dt* + dR* + (R? + ¢*)d9)?,

where
R*=7*R) - ¢*

Although asymptotically massless, Ellis—Bron-
nikov. WHs curve spacetime and can deflect light
producing distinctive lensing signature. Therefore
their abundance could be constrained by using the
Galactic microlensing surveys and using the quasar
observations in the SQLS data based on SDSS II.

The Ellis—Bronnikov  WH could form multiple
quasar images. The lens equation in the weak field
approximation becomes

0

_pn_p3_~
=0 tpp

with the Einstein angular radius

1/3
90 = < ) ;

where Dpg, Dp, Dg are distances «lens—sourcey,
«observer—lens», «observer-source», respectively.
The typical throat radius for a given 6y is estimated

as [31]
o100 e (%)

and the sensitive throat radius is ¢ = 10 — 100 pc from
the image separation of 1" — 20",

ma® Drg
4 D%DS

%2 D2D,/Dpg

O \"" DLDs/Drs
(1n~1 [Gpc])?

1//
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Given [31] that the effects of lensing also depend on
the ratio of distances, the radius range is wider. SQLS
data yields the number density of massless compact
objects of order nwy < 10~4h3 Mpc—3 for WH throat
radii ¢ = [10, 10%] pc over 50836 quasars in the redshift
range z = 0.6 — 2.2 under consideration [31].

Let us assume that all phantom WH are Ellis—
Bronnikov WH. Then we adopt the same phantom en-
ergy density (4) and form a redshift interval specified
background for SQLS data as

dz>.

As previously, w(z) is defined by (3) and [11],
Qpr =0.685 [9], Hy = 69.6 + 1.8 [22].

Assuming once again that each WH is sustained
by phantom energy and adopting the static order-of-
magnitude estimate of its energy

2.2
2

c
exp<—3/
0.6

2 1+ w(z)

142

1 — Q 0
Pt PE g G

Ewn ~ ppnV ~ ppnb®

we can set an upper limit on the WH number density
NMWH as:
f Pph
n < =

'WH > EWH7
where f denotes the effectiveness of WH formation
which can be interpreted as the fraction of phantom en-
ergy utilized for sustaining the WHs. The dependence
of the number density on the redshift z is as follows:
Pou(2)

nwu(z) < f Fon
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Fig. 3. Reconstruction of the results in [11] on the evolution of the CPL w(z). The lines represent the mean value and the shaded
regions correspond to the 1o uncertainty.

then using throat size scaling (2) and substituting Ewg
yields
8nGppn(z

3/2
w(z
o < 7 (220N
c
For the formation effectiveness f, we can estimate

it as
1

Ppn(2)
Numerically, taking the most permissive SQLS

bound nwu < 10~ A3 Mpc ™3 (h = 0.7) and the largest
allowed throat radius b ~ 10* pc gives

f > Ewunwu = b nwn.

f~ (1072Mpc)® - 0.73 - 10~*Mpc® = 3. 10711,

meaning that only a small fraction of phantom energy
could be locked into Ellis — Bronnikov WHs without vi-
olating the observational constraints from SQLS.

This simple yet effective approach links DESI-
affected cosmological parameters wg, w, to the con-
straints on nwy directly and shows how evolving w(z),
if reduces the energy density ppn(z), can tighten the
number density of WHs. In all cases, current SQLS lim-
its imply that only a small fraction of phantom energy
can be trapped in Ellis - Bronnikov-like WH throats.

However, recently, many binary gravitational-lens
systems have been discovered that do not have a vis-
ible lens object. So the resulting restrictions require
revision (see, for instance, [23]) and can be exploited
for estimating the efficiency of WH formation.
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5. DISCUSSION

An important point to emphasize is the nature of
wide error corridors obtained for the WH throat radius
b(z) in Fig.1. The origin of these uncertainties lies in
the original estimates of the parameters wy and wg,
particularly in their observational uncertainties. The
reconstruction of results in [11] on w(z) is represented
in Fig.3. When estimating b(z), we applied a Monte
Carlo sampling of the w(z) parameter space within
the asymmetric errors of wg and w,. Since these er-
rors reach up to 60% of the initial values, the resulting
spread in the sampled b(z) is large as well.

In fact, this feature, stemming from the looseness of
the observational constraints on the DE parametriza-
tion, might play an important role not only in WH
studies. In Fig. 4 we plot the DE density ppn, calcu-
lated via (4), for various sets of wy and w, inside the
uncertainties of those parameters. One can see that the
resulting estimates diverge drastically with increasing
redshift. In other words, any physical quantity that is
sensitive to the DE EoS parameter w(z) inevitably in-
herits this broad uncertainty, as the WH throat radius
in our model does.

Another important aspect concerns the obtained
formation rate. It might be instructive to compare our
estimates with the scalings obtained in different space-
times in order to capture the similarities. In AdS back-
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Fig. 4. DE density ppn(2) for various sets of wo and w, within their observational uncertainties.

grounds, for instance, the Euclidean action scales as
Sg ~mmL[l+ Oeloge)],

where m is the mass of the nucleated objects and L is
the AdS radius. Here again the large action leads to
a negligible formation of large-scaled structures which
is to some extent similar to our phenomenological esti-
mates.

More generally, for a typical gravitational instanton
one finds

(see [32]) so the resulting nucleation rate is exponen-
tially suppressed.

The physical interpretation is straightforward. The
extreme suppression arises because

e gravitational instantons require overcoming a
. 2 .
huge energy barrier (< Mg));

e the Hubble scale H is many orders of magnitude
smaller than Mpy;

e only in the extreme regime (H ~ Mp;) could nu-
cleation be unsuppressed.

Thus, while instantons provide a mechanism for
WH nucleation in principle, the rate is negligible for
any astrophysical or cosmological scales. This sug-
gests that the desired WH formation mechanism should
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be sought in early-Universe physics or exotic quantum
gravity effects rather than semiclassical nucleation on
cosmological background.

A final point concerns the possible evolution of WHs
within our framework. Since we developed a simplified
and static model, our constraints on the throat size b(z)
may be related directly only to the moment of WH for-
mation or stabilization and the subsequent evolution
therefore remains uncertain. Here we should mention
a possibility of DE accretion and changes in its density
inside the WH, potentially leading to the WH throat
growth or lessening. Conceptually, once phantom en-
ergy is captured inside a WH throat, it should remain
trapped there even after the background DE undergoes
a transition into a quintessential regime. Thus, long-
term evolution questions are open for further studies.

We want to emphasize that the dynamics of phan-
tom energy in a WH spacetime are not deeply under-
stood and definitely lie beyond the scope of this paper.
Our goal here is not to speculate on a detailed sce-
nario but to point out this intriguing possibility that
cosmological phantom energy may in principle sustain
WH throats and thereby stimulate possible interest in
further theoretical research and observations.

6. CONCLUSION

In this work we investigated the possibility of
traversable WHs stabilized by cosmological phantom
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DE in the light of recent DESI results suggesting dy-
namical DE with a transition to the phantom regime at
redshift z =~ 0.3. In the Morris—Thorne framework we
derived a phenomenological scaling relation linking the
WH throat radius b to the background phantom energy
density ppn(z), thereby establishing a direct bridge be-
tween cosmological parameters in CPL parametrization
wop, w, and WH properties. This approach, although
heuristic, shows that phantom energy could in princi-
ple serve as the exotic matter required to sustain WHs
with throat sizes spanning from gravitational radii of
stellar mass BHs and SMBHs up to cosmological scales.

According to our estimates, the birth of WHs should
be expected at redshifts z > 20. In connection with this
assessment, it is interesting to note the following [33].
It was at redshifts of about z &~ 20 that no galaxies were
expected to be observed before the launch of the JWST
telescope. However, the first data from this telescope
shows the presence of galaxies and SMBHs at redshifts
greater than z > 17. WHs could serve as the seeds for
the formation of SMBHs, along with other mechanisms
[34-36] , since it is currently not possible to distinguish
between WHs and BHs.

We explored possible formation channels, includ-
ing Euclidean instanton tunneling and thermal fluc-
tuation nucleation. Both mechanisms exhibit extreme
suppression, with instanton-mediated tunneling domi-
nating over thermal nucleation yet still yielding negli-
gible formation probabilities across all redshifts. Thus,
while phantom energy may in principle stabilize WHs,
it is extremely unlikely to serve as a natural channel
for their formation in the present days.

We employed SQLS-driven constraints on Ellis—
Bronnikov WHs and combined them with DESI-driven
DE parametrization to quantify the fraction of phan-
tom energy that could be trapped in such objects.
The resulting bound on the WH formation efficiency is
f ~ 107!, which indicates that only a small fraction
of the phantom energy can be locked into WH throats
without violating observational constraints. We also es-
tablished a formation efficiency inspired constraint on
WH number density nwy in this framework, confirm-
ing and expanding existing estimates from gravitational
lensing experiments.

Overall, our results show both the theoretical con-
sistency and the observational limitations of phantom-
supported WHs. The concept of traversable WHs and
their formation remains intriguing as a phenomenolog-
ical connection between cosmology and exotic geome-
tries, but current data disfavor efficient phantom WH
formation under standard semiclassical or thermody-
namic scenarios.
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