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Abstract 
Based on the theory and observations of glitching pulsars, we show that the 
ultra-cold supranuclear dense matter inside the cores of massive pulsars 
should condensate in vacua, as predicated by non-perturbative QCD. The 
trapped matter here forms false vacuums embedded in flat spacetimes and 
completely disconnected from the outside world. Although the vacuum ex-
pectation value here vanishes, the masses and sizes of these incompressible 
superfluid cores are set to grow with cosmic times, in accord with the Onsag-
er-Feynman superfluidity analysis. We apply our scenario to several well-studied 
pulsars, namely the Crab, Vela, PSR J0740+6620 and find that the trapped 
mass-contents in their cores read { }0.15,0.55,0.64 , implying that their true 

masses are { }1.55,2.35,2.72 M


, respectively. Based thereon, we conclude 
that: 1) The true masses of massive pulsars and neutron stars are much higher 
than detected by direct observations and, therefore, are unbounded from above, 
2) The remnant of the merger event in GW170817 should be a massive NS 
harbouring a core with 1.66



 . 
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1. Introduction 

Massive pulsars, magnetars and young neutron stars belong to the family of ul-
tra-compact objects (UCOs), that liberate the content of energy left over from 
the collapse of their progenitors mainly through magnetic dipole radiation at the 
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rate: 2 4~MDRE B Ω , where ,ΩB  are the magnetic field intensity and angular 
frequency, respectively [1] [2] [3]. 

For typical values of Ω and B, the energy losses amount to roughly one million 
times larger than the luminosity of the Sun, and therefore their luminous life-
time (-LLT) is expected to be one million times shorter [1]. Similar to normal 
stars, massive NSs are much more compact and cool faster than their low-mass 
counterparts [4]. This may explain why the NSs formed from the first generation 
of massive stars are missing; It is because they just became invisible or they col-
lapsed into black holes (see [5], and the references therein). However, the 
NS-merger event in GW170817 clearly argues against the collapse scenario, as to 
date there is no exclusive evidence that the remnant ended its life in BH [6] [7] 
[8] [9]. The ultimate fate of the remnant depends solely on the physical proper-
ties of matter making up the cores of massive NSs. Numerical modellings of the 
internal structure of massive NSs unambiguously show that matter must be cold 
and its density is far beyond the saturation value 0ρ , which is the regime of 
non-perturbative quantum chromodynamics, QCD [10] [11]. 

However, the physical conditions governing the matter inside the cores of NSs 
are by no means reproducible in labs, so its true nature remains a matter of 
speculation. On the other hand, based on theoretical and observational con-
straints, it was argued that the energy density in the universe most likely is up-
per-bounded by the universal maximum ( )3510uni

max =   erg/cc and low-
er-bounded by ( )910uni

min
−=   erg/cc [12]. While the lower-bound corres-

ponds to the cosmological vacuum, the upper-bound here corresponds to the 
fluid state, in which incompressible and entropy-free supranuclear dense matter 
undergoes a collective condensation in QCD-vacuum.  

In the present study, we show that this matter with uni
max=   should be in a 

superfluid state trapped in a false vacuum field and embedded in flat spacetime. 
While the matter-field system is metastable on super-cosmic times, it may still 
decay into the true vacuum energy state via a hadronization process and the 
formation of a giant fireball.  

2. The Fate of Ultra-Cold Supranuclear Dense Matter in NSs 

As the secondary energies1 in UCOs2 are relatively small compared to the rest 
energy, one may safely assume the embedding spacetime to be Schwarzschild. 
When integrating the TOV equation from outside-to-inside using appropriate 
EOSs, one immediately encounters the regime, where density surpasses the nuc-
lear saturation density 0ρ . However, the microphysics governing the state of 
matter in the density regime [ 01.5ρ ρ≥ ] is poorly understood and completely 
uncertain [3]. Unlike terrestrial conditions, where the accelerated particles con-
sist roughly of an equal number of neutrons and protons, the electron-capturing 
by protons in the above-mentioned regime is highly asymmetric. Therefore in 

 

 

1I.e. all energies other than the rest energy. 
2To the Ultra-Compact Objects belongs the whole family of neutron stars, e.g. pulsars and magne-
tars. 
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the absence of a reliable, effective mesonic theory from QCD, one relies on 
smooth extrapolation from the lower density regime to predict the state of mat-
ter in the supranuclear density regime. Such approaches are risky and unsuited 
to explore anomalies or abrupt transitions into new or exotic states [13] [14]. 

Based thereon, it is not unreasonable to argue that there might be a critical 
density, 03crρ ρ≈ , at which the matter reaches maximum compressibility and 
then goes promptly into a purely incompressible phase. Among others, the fol-
lowing arguments support this hypothesis:  
● NSs are spherically symmetric and static objects. Hence the physical variables 

must fulfil the regularity condition at the center, i.e. 
0 0r=∇ = , where   is 

the energy density. This condition is equivalent to requiring the fluid to be 
incompressible at 0r = . For quantum fluids, positions are uncertain and 
they should be replaced by intervals r r r c t→ = ∆ = ∆ . Hence, using the 
uncertainty principle, the regularity condition is equivalent to:  

 20 .
2

c
r r

∆
≈ ≥
∆ ∆

                           (1) 

This implies that r∆  must be of macroscopic length scale and specifically larg-
er than 2.41 × 103 cm. For crρ ρ≈ , we obtain a mass of 82.4 10 M−×



, which 
should be the initial mass of the embryonic incompressible core of newly born 
pulsars. As clarified later, the core’s matter should be in an incompressible su-
perfluid state. 
● At 01.5ρ ρ≥  nucleons come into touching, where nuclear forces dominate, 

and the gravitational force becomes negligibly small. Following [15], at ze-
ro-temperature and critical density 02.938crρ ρ= , the nucleons merge to-
gether to form a sea of incompressible gluon-quark superfluid. This argu-
ment, as it will be clarified later, is in line with the recent NICER and 
XMM-Newton observations of the massive magnetar PSR J0740+6620, whose 
mass and radius are predicted to be 2.08 0.07M±



 and 13.7 1.5R = ±  km, 
respectively. In Figure 1, we show the internal structure of the pulsar by 
solving the TOV equation using a variety of EOSs. Obviously, almost all 
EOSs (see Figure 2 and Appendix for further details) appear to converge to 

crρ , but then start diverging strongly as 05ρ ρ=  is approached. A reasona-
ble explanation would be that once the gravitational field has compressed the 
hadrons up to the critical supranuclear density, crρ , the confining mem-
branes of individual hadrons start overlapping, and the frozen quarks at ze-
ro-temperature start behaving as electrons in metal; the attractive force be-
tween them may trigger a collective Cooper-pairing, which turns the quark 
into an incompressible superfluid [3] [16]. Indeed, although the physical con-
ditions governing particle collisions in labs are radically different from those 
in the cores of massive NSs, the resulting medium from the heavy ion colli-
sions at the RHIC was found to behave as a nearly perfect fluid, where the 
viscosity relative to entropy, sη , was close to the conjectured lower-bound 
[17] [18] [19] [20]. We note here that further compression of the superfluid 
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by gravity is unnecessary, as it would considerably enhance the object’s com-
pactness, which then counters observations [21].  

 

 
Figure 1. The predicated lower-limit of pulsar’s masses that don’t succeed to form signif-
icant SuSu-cores, where the material density attains its universal maximum 03crρ ρ= . 
Newly born pulsars with a compactness parameter larger than 0.28coα =  would give 
rise to the formation of embryonic cores, whose mass and dimension would grow as they 
evolve on cosmic times.  

 

 
Figure 2. The credibility of modelling the internal structure of NSs using known EOSs is 
limited by a maximum mass of roughly 2.5M



. Assuming the remnant of the merger 
event in GW170817 is a massive NS, then its internal structure is far beyond the regime of 
validity of these EOSs.  
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● Young pulsars have been observed to spin at much higher rates than their old 
counterparts [22] [23]. Indeed, the initial rotational frequency of newly born 
pulsars was predicated to be around 1540/s [24]. The bulk of rotational 
energy in these newly born pulsars is carried mainly by the compressible and 
dissipative matter surrounding the central embryonic cores. Following [25], 
isolated pulsars are expected to glitch approximately 10 billion times during 
their luminous lifetime, and the repetition of the glitch events decreases with 
increasing the mass and age3. Our glitch scenario of pulsars predicts that su-
perfluid cores should deposit certain amounts of their rotational energies in-
to the ambient media abruptly, where they are then absorbed and subsequently 
redistributed viscously and to show up as sudden spin-ups of pulsars. Based 
thereon, the cores can be neither static nor be the only source of rotational 
energy, rotE , as otherwise they would run out of rotE  after a certain num-
ber of glitches. In this case, we may apply the Onsager-Feynman equation of 
superfluidity to study the dynamics of the core during the glitch events:  

 2d ,v l N
m

⋅ =
π

∫                           (2) 

where , ,v N   are the angular velocity, number of enclosed vortices and line- 
element of the path enclosing the vortices. As glitching are discrete events in 
time, we may transform the equation into the finite discretization space so that 
spatial changes can be measured in slices of time as follows:  

 
( ) ( ) ( )1 1

Finite space-timed d  ,
d 2 d 2

n n n nS S SN N N
t m t t m t

+ + Ω Ω − Ω  −
= → =   ∆ ∆  

 

 (3) 

where ( )1n nt t t+∆ −  is the time interval between two successive glitch events, 
and { } 1

, ,
n

S N ∞

=
Ω  are sequences of discrete elements consisting of the cross-sec- 

tions, rotational frequencies and the enclosed number of vortices, respectively. 
The RHS of Equation (3) measures the number of deposited vortex lines that 
subsequently redistributed viscously in the shell. It is reasonable to assume that 
the RHS of Equation (3) remains relatively small, which requires 1n nN N+ ≈ . 
The underlying reasonings may read: As the rotational energy, rotE , of a newly 
born pulsar is distributed almost uniformly throughout the entire object, then 
the superfluid core should entail a negligibly small fraction of rotE . Thus, the 
core cannot indefinitely supply the ambient medium with rotE  via glitching for 
a substantial period of the pulsar’s lifetimes. As cores grow with cosmic times, 
the matter that joins the core during glitching must adjust its physical properties 
to those in the core. Here the boundary layer is best suited, where the adaptation 
mechanism could operate, including cultivating Nδ +  low energetic vortex lines 
that should join the core during a glitch event. This number should be comparable 
to the number of expelled vortex lines, Nδ − , so that the nett difference remains  

small (see Figure 3). To be noted here that 
d
dr
Ω

 peaks inside the boundary  

 

 

3The Vela pulsar is roughly ten times older than the Crab, and the duration between two successive 
glitch events of Vela is roughly 1.66 longer than of the Crab. 
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Figure 3. In (a), two arbitrary discrete levels of the angular frequency, nΩ  and 1n+Ω , the corresponding cross-sections 
nS  and 1nS +  and the enclosed number of vortex lines nN  and 1nN +  are shown. The glitch event is defined when 

the core undergoes an abrupt transition from a high, nΩ  to a low angular frequency level nΩ , which is associated 
with an ejection of a certain number of vortices into the ambient medium (red tubes in b). The ejected powerful vor-
tices are replaced by low energetic ones (yellow tubes in c), that are created in the boundary layer between the core 
and the surrounding shell.  

 
layer (BL), where the dynamo action could operate efficiently. This picture is 
remarkably similar to the solar tachocline, where the solar dynamo is considered 
to operate efficiently.  

Consequently, Equation (3) implies that:  

 d d 0
d d
S
t t

Ω
≈ − >                            (4) 

Hence the cross-section of the core increases with each glitch event, and there-
fore the core doesn’t obey the mass-radius relation that generally applies to UCOs.  

Note that imposing the zero-torque condition on the core, i.e., ( )d 0
d coreI
t
Ω =  

strengthens our conclusion.  

3. 3SuSu-Matter and the Spacetime Topology  

In the following, we show that the topology of spacetime embedding incompres-
sible, entropy-free supranuclear dense superfluid, i.e. SuSu-matter, must be flat.   
 Theorem: 

The spacetime embedding incompressible SuSu-matter must be flat  
Proof: Assume we are given a static and spherically symmetric core made of 

incompressible SuSu-fluid. Following Birkhoff’s theorem, the spacetime sur-
rounding the core should be Schwartzschild. Furthermore, let us assume that 
this Schwartzschild spacetime accepts analytical continuation, so that it can be 
extended inwards into the core. Adopting the classical definition of pressure:  

d
dVol

P = −
 , where dVol is a volume element, and integrating the TOV-equation:  

 ( ) ( )
( )

3

2

4d d ,
d d 1 c

m r r pp pp
r r rr α

++
= − + = −

−
π 

              (5) 
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then the following analytical solution may be obtained [2]:  

 
0 0 2

0 2 0
0

1 1
,

1 3 1
c c

P

c c

rP
r

α α
β

α α

− − −
= =

− − −
                 (6) 

where ( )( ) 0, ,c m r rα    are the exponent of the metric coefficient 00g , the 
dynamical compactness parameter and the reference constant energy density, 
respectively. Here ( )0 0

c c r Rα α= =  . In Figure 4, we show that Pβ  increases as 
the centre is approached, and in most cases, it becomes ultrabaric, where the 
causality condition is grossly violated. Moreover, the pressure becomes a global 
rather than a local thermodynamical quantity, as dictated by the first law of 
thermodynamics. 

In terms of the chemical potential, ( )( ): d dr pµ   , the integration of the 
TOV equation in general yields ( )er constµ = . In the present incompressible 
case, this applies that ( )r constµ =  and therefore const= . Recalling that 
e 1→  as r →∞ , we conclude that 0= . 

This implies that curved spacetimes force fluids to stratify, even when the 
concerned fluid is incompressible. Noting that the weight of the column density 
starting at the core’s boundary increases toward the centre, i.e.:  

0
d d .

core

R R
core r r

z zρ ρ
=

Σ = < Σ =∫ ∫
 

                    (7) 

This inward enhancement of compression would break the rigidity of the 
condensate and convert the coherent motion into a differential one, practically 
destroying its superfluidity. Based thereon, we conclude that dynamically stable 
incompressible SuSu-matter requires the pressure also to be uniform every-
where.  

The relevant question here is: Does the flat spacetime inside the incompressi-
ble cores of NSs match smoothly with the surrounding curved spacetime? 

Here we propose the following corollary:  
 The Flat spacetimes embedding SuSu-cores of massive NSs are self-con- 

tained and topologically disconnected from ambient spacetimes.  
Proof: Using Birkhoff’s theorem, the deviation between the metric coefficients 

of Minkowski-flat and Schwarzschild-curved spacetimes as well as of their de-
rivatives read:  

 

( )

2
00 00 00 11 11 11

2

00 00 00 11 11 11 00 22

1, 1 1

12 , ,
1

c

c

c

c

g r g

r

g r g
r

η α η

α
εη α η

α

∆ = − = ∆ = − =
−

−′ ′ ′ ′ ′ ′ ′∆ = − = ∆ = − = ∆
−

       (8) 

where 1ε   is a small number. Clearly, 00 00 11 11, , ,′ ′∆ ∆ ∆ ∆  converge to zero if 
and only if 0r → , i.e. there is no physical core with a reasonable radius across 
which both metrics could match smoothly. 

In Figure 5, the mismatch of both spacetimes is illustrated schematically. It 
should be noted, however, that this macroscopic feature appears to apply all the  
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Figure 4. The radial distribution of the relative pressure of the incompressible fluid versus radii for different 
values of the compactness parameter ( )c SR Rα   at the background of Schwarzschild spacetimes. Al-

though purely incompressible fluid doesn’t accept stratification, the considerable increase of the pressure 
inwards forces the fluid to stratify and turns it into ultrabaric matter, which does not respect causality.  

 

 
Figure 5. A schematic description of a normal compressible and dissipative fluid in a shell (orange coloured region) surrounding 
a core of a superfluid embedded in a Schwarzschild spacetime (blue coloured region in a). In (b), the superfluid is set to be em-
bedded in flat spacetimes, though the transition between the two spacetimes is continuous but not differentiable.  

 
way down to the quantum scales, as the gluon-quark clouds and their embed-
ding spacetime topologies inside individual hadrons are invisible to observers 
situated in the surrounding curved spacetimes.  

The Trapped SuSu-Matter inside False Vacuums 

In the previous section, we have shown that the cores of pulsars and NSs most 
likely are made of incompressible SuSu-superfluids embedded in Minkowski flat 
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spacetimes. The spacetimes inside and outside SuSu-cores are topologically dis-
connected, and therefore two reference frames are needed to collect information 
to study massive NSs. Inside the cores, all observers would perceive the entire 
surrounding as perfectly homogeneous and isotropic, independent of their posi-
tions. We even conjecture that these observers would not recognize the boun-
dary of the core from inside, as the 2D surface would serve as a holograph [26] 
[27], where the information about the entire constituents are encoded and mir-
rored inward so that the observers see the core as if it were infinitely large ho-
mogeneous and isotropic universe. 

In the weak field approximation, the gravitational potential inside the core is 
obtained by solving the Poisson equation for non-zero energy density:  

 2 0

4 0.G const
c

∆Φ = = ≠
π

                       (9) 

Clearly, no Lorentz-invariant Φ fulfils the equation. However, if Φ is an indi-
rect measure for the deviation of the mean energy density from a universal 
background mean quantity, then we obtain:  

 ( )2 0

4 .G
c

∆
π

Φ = −                        (10) 

When the physical condition pushes the normal matter into SuSu-state, where 

( )2 35
00 3 10cρ= = =    erg/cc, then the gravitational potential Φ must va-

nish4, which means that the matter in this phase is in a gravitationally passive 
state. In GR, this corresponds to the equation:  

 ( )0
4

1 8 ,
2

GR Rg T T
cµν µν µν µν
π

− = −                  (11) 

where , ,R R Tµν µν  are the Ricci scalar, Ricci tensor and the stress-energy tensor 
(SET), respectively. The equivalence of the last two equations in the weak field 
approximation requires that:  

 0
0 ,Tµν µνη= ×                         (12) 

where µνη  corresponds to the Minkowski-metric. This is similar to the cosmo-
logical vacuum, vac , where the SET reads:  

 .vac
vacTµν µνη= ×                        (13) 

Although 0Tµν  and vacTµν  apply for completely different regimes5, the transi-
tions from one state to another are not smooth, but discontinuous and occur 
abruptly [12] [29] [30].  

The state of matter in which 
0=   may be classified as a false vacuum, 

as, on cosmological time scales, it is not immune against decay into the true va-
cuum state vac . In the latter case, normal particles may gain mass through in-
teractions with the superimposed Higgs field, which in turn, curves the embed-

 

 

4 0Φ→  as r →∞ . 

5 ( )0 4510
vac

=





. 
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ding spacetime. The curvature then compresses the matter and facilitates its 
transition into the false vacuum state via condensation, which subsequently de-
cay into normal matter via runaway hadronization processes. These cyclic events 
are schematically described in Figure 6. 

As mentioned earlier, observers inside SuSu-cores cannot exchange informa-
tion with the outside world. Here, not only the spacetimes are disconnected, but 
the embedding vacuum field as well. The energy states of the trapped matter 
corresponds to zero-point energy state ( )0 xΨ , which coincides with the va-
cuum state, ( )v xΨ , and therefore the vacuum expectation value (vev) must va-
nish 0 0 0Ψ =  and there is no spontaneous symmetry breaking on the par-
ticle scales. However, as in the core there is only one single length scale, i.e. its 
radius corer , then the spatial dimensions of the macroscopic condensate, the 
embedding flat spacetime and the vacuum field are identical, we conclude that 
the trapped matter in vacuum, is not massless, but it should maintain its original 
mass prior to condensation. Under these conditions, the causality condition may 
allow the static condensate to ride a standing wave that oscillates in time, though 
not in space. 

In fact, the energy density of this false vacuum falls nicely in the range of QCD 
vacuum:  

 35 36erg erg10     10 .
cc cc

vac
QCD≤ ≤                   (14) 

Generally, at zero-temperature, the non-perturbative sector of QCD is highly 
non-linear and gives rise to gluon-quark condensates in vacuum, and therefore 
to non-zero vacuum expectation value 0 0 0qq ≠  (see [11] [29] [30], and the 
references therein).  

 

 
Figure 6. The cyclic evolution of the gravitational potential, Φ of vacuum-matter connec-
tion: the initial masses of elementary particles are created in certain vacuum fields with 
non-zero vev, but gain their measured masses through interactions with the Higgs field. 
The matter interacts with the embedding spacetime and evolves toward forming struc-
tures, including stars, UCOs etc. The matter in the cores of UCOs condensates in vacuum, 
forming thereby a false vacuum field, where Φ again vanishes. When the false vacuum 
decays via hadronization, Φ starts to gain significance but decreases as the system ex-
pands to finally reach the true vacuum, which governs the infinite parent universe [28].  
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Unlike our earlier discussion, the non-zero vev here is a consequence of co-
lour confinement and the presence of virtual quark-antiquark pairs and gluons 
in the vacuum state. 

4. Revisiting the Masses of UCOs 

In the previous sections, we argued that SuSu-matter making up the cores of 
massive NSs should be trapped in false vacuum fields. The spacetimes embed-
ding these cores are flat, self-contained and disconnected from the outside world 
so that the actual mass of the cores are not communicated to outside observers. 
Consequently, the true mass of UCO, true , reads:  

 ,true NM SuSu= +                        (15) 

where ,NM SuSu   are the masses of normal matter (which determines the 
curvature of the embedding spacetime), and of the SuSu-matter (which commu-
nicates neither with the surrounding spacetimes nor with the surrounding 
quantum fields). This implies that the revealed masses of UCOs from observa-
tions correspond solely to normal matter, whereas the mass contents of their 
cores, SuSu , remain undetected. Thus, the here-presented scenario introduces 
a new parameter, whose determination is challenging for both astronomers and 
theoreticians. 

In the present study, the radius of the SuSu-core is set to be equal to the radius, 
at which the density of hadrons equals or surpasses the critical density 03crρ ρ= , 
i.e.  

( )at which .SuSu crr r ρ ρ≈ =  

Based thereon, the following solution strategies are adopted:   
● For a given pulsar and a fixed mass of normal matter, NM , the TOV equa-

tion is solved numerically using a variety of EOSs.  
● The true radius of the pulsar, or equivalently, the outer radius, is a nonlinear 

function of mass of normal matter, EOS and of crρ , i.e.  

 ( ),EOS, ,NM crR f ρ=                     (16) 

which is solved iteratively.  
● The mass of the SuSu-core is calculated through the integral:  

 2
0

4 d .SuSur
SuSu cr r rρπ= ∫                    (17) 

To validate this approach, we apply our scenario to the three well-studied ob-
jects: The Crab, Vela and to the massive magnetar PSR J0740+6620 (Figures 7-9) 
and finally to the remnant of the NS-merger event in GW170817. In Figure 9, 
the density versus radius for the PSR J0740+6620 is plotted, where different 
EOSs are used. As usual, the TOV equation here is integrated from inside-to- 
outside, while iterating on the central density to obtain the total mass of the ob-
ject revealed from observations. These results are to be compared with our sce-
nario shown in Figure 9. Here we place a SuSu-core at the centre of the pulsar.  
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Figure 7. The radial distribution of the density inside the Crab-pulsar without (left panel) and with a SuSu-core (right panel), 
using various EOSs. The compactness parameter of the pulsar decreases with increasing the mass of the core. The profiles depart 
from each other in the absence of the SuSu-core, whereas the agreement is obvious when the SuSu-core is included.  
 

 
Figure 8. The radial distribution of the density inside the Vela-pulsar with (right panel) and without a SuSu-core (left panel), us-
ing various EOSs. The pulsar is clearly less compact with a central SuSu-core than otherwise. The agreement & disagreement be-
tween the profiles is similar to that in the Crab pulsar.  
 

On the right panel, the compactness parameter, coα , of several pulsars with 
and without SuSu-cores as a function of mass content of normal matter, is 
shown. While coα  increases almost linearly with the mass of normal matter, it 
saturates around 0.4, when incompressible SuSu-cores are included. The effect of 
flattening of the embedding spacetime by SuSu-cores is remarkably strong. In 
the right panel we tabulated the total predicted total mass of objects, namely the 
Crab, Vela, PSRJ0740+6620 as well as of the remnant of GW170817.  

The distribution of the normal matter in the surrounding shell is obtained 
through integrating the TOV equation from outside-to-inside, using various  
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Figure 9. Similar to the pervious figures: The radial distribution of the density inside the massive pulsar PSR J0740+6620 with 
(right panel) and without a SuSu-core (left panel), using various EOSs are shown. The difference between the compactness para-
meter of the pulsar with a central SuSu-core and without is remarkably strong. Also, the disagreements between the EOSs peak 
when more massive pulsars are considered, though there is an obvious agreement on the radius of this pulsar.  

 
EOSs. The mass range of the SuSu-core was found to lie in the interval:  
[ 0.33 0.72SuSuM M≤ ≤

 

], whereas the outer radius of the pulsars is 14.28 ± 
0.33 km, which corresponds to a compactness parameter 0.43 0.01cpα = ± . Indeed, 
the radius of PSR J0740+6620 obtained using our scenario falls nicely in the range 
of radii revealed from NICER and XMM-Newton data, namely: 2.6

1.513.7+
−  km. 

In the case of GW170817, we show in Figure 10 that the remnant could be an 
extraordinarily massive and dynamically stable NS, supported by a central mas-
sive incompressible SuSu-core of [ 0.97 1.62SuSuM M≤ ≤

 

]. The radius of the 
remnant NS is predicated to be 15.90 ± 0.43 km. 

It is worth mentioning here that, unlike normal viscous fluid flows, when two 
lumps of superfluids are set to pass each other, they may still retain their shapes 
and energies. Indeed, following [31], it was shown numerically that the super-
fluid cores of two NSs in GW170817 could merge to form a much more massive 
one with minimum energy loss (energy loss is due to numerical diffusion in the 
finite space). This a consequence of the low energy states of both cores, where 
there is no energy to lose. 

As none of the EOSs is capable of modelling massive pulsars or young NSs 
with 2.1≥ 



 that are made of purely normal matter, the formation of in-
compressible SuSu-cores appears to overcome this barrier, as the effects of Su-
Su-cores are also to flatten the curvatures of the embedding spacetimes and ena-
ble UCOs to be much more massive than could be detected by direct observa-
tions (see Figure 10). 

We note here that the comparison of our results with the observations of 
glitching pulsars is based on data that have been obtained during recent years. 
Therefore they are selected snapshots that may not reflect the stationary struc-
tures of these UCOs. 
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Figure 10. Left panel: The radial distribution of the density inside the remnant NS predicted to have formed during the NS-merger 
event in GW179817, for various EOSs. The remnant consists of a 2.73



 massive shell made up of normal compressible and 
dissipative matter, which determines the topology of the embedding spacetime. Thereunder, the NS harbours a 1.6



 massive 
SuSu-core, yielding a total remnant’s mass of 4.0M≥



. Although this mass of the remnant is far beyond the classical mass 
range of NSs, the agreement between the EOSs, even in this exceptional case, is indeed remarkable. 
 

To clarify the point here: our scenario requires that the amount of normal 
matter in the shell surrounding SuSu-cores should be sufficiently large so as to 
compress the matter at its base up to the critical value 03crρ ρ= × . In the case 
of the Crab, Vela and PSR J0740+6620 the corresponding compactness parame-
ters, cpα  are larger than 0.28. This implies that there is an ongoing conversion 
of normal matter into SuSu-matter, through which the core becomes larger and 
more massive. On the other hand, in the absence of mass enrichment by external 
processes, such as accretion, merger, etc., objects with 0.28coα ≤  should enter 
inactive epochs in their evolution, thereby becoming invisible dark objects 
(DEOs). This may explain the missing large number of NSs in our Galaxy and 
those formed from the collapse of the first generation of stars. 

We note also that although the magnetar PSR J0740+6620 is much more mas-
sive and closer than the Crab pulsar, it is not classified as a glitching pulsar. 
However, based on our scenario, the compactness parameter of this magnetar is 
much higher than 0.28 and therefore it should be glitching, though at a much 
higher frequency than observed in normal pulsars and most likely beyond the 
sensitivity of the currently used instrumentations. 

5. Summary & Discussion 

In this paper, we have shown that the cores of massive pulsars are most likely 
made of SuSu-matter trapped in false vacuums and embedded in flat spacetimes 
that underwent complete decoupling from the external world. We argued that a 
glitch event occurs in a geometrically thin boundary layer, where the core moves 
discretely from one angular frequency level to the next lower one and where the 
matter density surpasses the maximum compressibility limit of 03crρ ρ= . In 
this regime, non-perturbative QCD applies and gives rise to a collective conden-
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sation of matter, forming a false vacuum field. 
For observers inside the core, the trapped matter in the field is purely incom-

pressible, static, homogeneous, isotropic and metastable, thanks to the abrupt 
decoupling of the embedding spacetime and the vacuum field from the ambient 
world. However, this implies that the mass of the condensate cannot be commu-
nicated to outside observers, which means that the revealed masses of UCOs by 
direct observations of normal matter should be modified to include the mass of 
the cores. 

We employed the here-presented scenario to several well-studied pulsars, 
namely the Crab, Vela and PSR J0740+6620 and found that, when the masses of 
the cores are included, then their masses should be 1.55, 2.35, 2.72 instead of 1.4, 
1.8, 2.07 solar masses, respectively. 

In the present study, we have also shown that: 1) the total masses of glitching 
pulsars with false vacuum cores are unbounded from above; therefore, NSs, 
whose masses surpass the 2.2M



 should not necessarily collapse into black 
holes. 2) The remnant of the NS-merger in GW170817 is predicted to be a mas-
sive NS harbouring a massive condensate in the core of roughly 1.66M



. 3) 
Massive black holes could in principle, be ultra-massive NSs with super-massive 
SuSu-cores trapped in false vacuum fields. 4) The progenitor of the Big Bang 
could have been a non-singular giant object made of SuSu-matter trapped in a 
false vacuum field [32]. On super-cosmic time scales, this giant object is not 
immune against decay and would turn into normal matter via a runaway hadro-
nization process that ends up in a giant Big Bang explosion.  
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Appendix 

In the following, we list the EOSs used in the here-presented calculations.   
● AP3: Variational-Method EOS with plain npeμ nuclear matter [33]  
● BSK21: Non-relativistic Skyrme interaction based EOS with plain npeμ nuc-

lear matter [34]  
● MPA1: Relativistic Brueckner-HartreeFock EOSs with plain npeμ nuclear 

matter [35]  
● SKI6: Non-relativistic Skyrme interaction based EOS with plain npeμ nuclear 

matter [36] [37] [38]  
● SLY230A: Non-relativistic Skyrme interaction based EOS with plain npeμ 

nuclear matter [39]  
● SLY4: Potential based EOS with plain npeμ nuclear matter [40]  
● SLY9: Non-relativistic Skyrme interaction based EOS with plain npeμ nuc-

lear matter [36] [37]  
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