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Abstract. We examine the hypothetical X17 boson on neutron stars and quark stars using various hadronic
equations of state with phenomenological or microscopic origin. Our aim is to set realistic constraints on
its coupling constant and the mass scaling. Everything done with respect to causality and various possible
upper mass limits and the dimensionless tidal deformability Λ1.4. We focused on two main phenomenological
parameters, the coupling constant g that X17 it has with hadrons or quarks and the in-medium effects through
regulator C. We came to the general conclusion that the effect of the X17 both on neutron stars and quark stars is
constrained mainly by the causality limit, which is a specific property of each equation of state, and it depends
on the interplay between g and C.

1 Introduction

A few years ago Krasznahorkay et al. [1] reported an
anomaly in the angular correlation of e−e+ decay of the
1+ excited level of 8Be nucleus at 18.15 MeV, and specif-
ically observed enhancement at folding angles. Till to-
day, Krasznahorkay and his group, reported in addition the
same anomaly, observed in the angular correlation of the
e−e+ emission, in the excited states of 4He and 12C [2–
4]. The aforementioned anomalies at a folding angles was
interpreted as a signature of a new neutral boson with a
mass of about mX = 17 MeV/c2. In a recent study the re-
sults of an analysis of the invariant mass spectra of photon
pairs produced in d+C, p+C and d+Cu interactions were
presented [5], supporting the conclusion that the observed
signals are consequence of the detection of particles with
masses of about 17 MeV/c2 and 38 MeV/c2 decaying into
a pair of photons.

These reported observations led to the theoretical
study of the hypothetical X17 boson as a dark matter can-
didate [6, 7], though in the work of Ref. [8] an explana-
tion relating this particle to the QCD vacuum was pro-
posed by the authors, in the conjecture that the 17 MeV/c2

particle could mediate the nucleon-nucleon interactions
at large distances in an unbound cluster configuration.
Based on the fact that the hypothesis which considers the
17 MeV/c2 boson as the only carrier of nuclear interac-
tions is somewhat extreme, the possible impact of the hy-
pothetical 17 MeV/c2 boson on nuclear matter and its in-
fluence on the structure of compact objects like neutron
stars were also investigated [9].
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In a further study in Ref. [10] the hypothetical X17
boson was explored in the framework of the Relativistic
Mean Field (RMF) theory, constructing a universal Equa-
tion of State (EoS) that satisfy all of the well known exper-
imental constraints, from finite nuclei, heavy ion collisions
all the way to the neutron stars, allowing a reproduction
in masses from � 1.4 M� up to � 2.5 M�. In the study
of Ref. [11], the authors aimed to set the ratio g2/µ2 for
a Weakly Interactive Light Boson (WILB) inside a neu-
tron star. The range of the ratio g2/µ2 was estimated to be
less than 2 GeV−2, which is a value that seems suitable
for the neutron star environment taking in account also the
experimental constraints for consistency of symmetry and
binding energy.

Moreover, given that the presence of WILB does not
effect the crust properties of neutron star matter, a quite
restricted constraint of the WILB characteristic scale was
obtained. Another finding was that the in-medium mod-
ification effect cannot be neglected, by assuming that
the WILB mass follows the same scaling as the one of
Brown–Rho [12]. In another relevant investigation [13],
the ratio g2/µ2 of a WILB estimated to be less than
50 GeV−2 and above than 25 GeV−2. Also, the authors
studied the upper value g2/µ2 = 100 GeV−2 which devi-
ates a lot from the must fulfilled restrictions concerning the
binding energy and the symmetry energy, even though re-
producing an acceptable mass according to the GW190814
observation [14] close to � 2.5 M�.

In a research regarding the Quark Star (QS) case [15],
the non-Newtonian gravity effects were taken into con-
sideration, and for current quark masses of mu =

2.16 MeV/c2, md = 4.67 MeV/c2, and ms = 93 MeV/c2,
the range of g2/µ2 was estimated to be between
4.58 GeV−2 and 9.32 GeV−2 reaching a maximum mass
� 2.4 M�.
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We notice that in the investigations that we mentioned
above, the ratio g2/µ2 itself for a WILB was thoroughly
investigated, with no attempt to be given into the separate
estimation of the coupling g from the boson mass µ for
the WILB; the absence of studying this aspect was reason-
able since the mass of a possible candidate boson was not
known or guessed at that time.

In our present work, having as a candidate a
17 MeV/c2 boson (hereafter X17), we study its effects
with a series of different models, both hadronic and con-
sisted of pure quark matter. Our main effort is to set re-
alistic constraints on the X17 coupling constant g and the
scaling of its mass, which is affected by the changes in
the baryon density well above its saturation value inside
the neutron star and quark star environment. All of our
examination is compared with astrophysical observations,
reported from LIGO-VIRGO and pulsar observations.

2 The models

In our investigation we employ two models for the de-
scription of nuclear matter: a) the Relativistic Mean Field
(RMF) model, and (b) the Momentum Dependent Interac-
tion (MDI) model. In the RMF model the pressure and
energy density are considered as in Ref. [16], while we
make the assumption that the hypothetical 17 MeV/c2 bo-
son contributes as a second vector boson Thus, the effec-
tive mass term can be described by [10]:

m∗2v = a2
Xm2

X + (1 − aX)2m2
ω, (1)

where aX is the admixture coefficient of the mX =

17 MeV/c2 boson to the total vector potential. Based on
the values that aX can obtain, the effective mass can vary
from mω = 782.5 MeV/c2 up to 17 MeV MeV/c2.

For the purpose of our study, we focus on two differ-
ent values for the admixture coefficient (aX), a) aX = 0.2
(20%, m∗v = 626 MeV/c2) and b) aX = 0.3 (30%, m∗v =

547.8 MeV/c2), combined with an increment on the stan-
dard value of ρ-coupling by 5% and 10% (effective ρ-
coupling: g∗ρ), respectively. Hence, we led to the construc-
tion of a total set of 13 EoSs, fulfilling also experimental
constraints in analogy to [10], where properties of nuclear
matter and finite nuclei were considered.

Moreover, the second hadronic nuclear model that we
used is the MDI which is described in more detail in
Refs. [17, 18]. Among the main advantages of the MDI
model is its ability of reproducing the results of the micro-
scopic calculations of nuclear and neutron rich matter at
zero temperature, as well its available extension to finite
temperature. By choising properly the model parameters
the stiffness of the coressponding EoS can be regulated.
The stiffness is well reflected by the valyes that the slope
parameter L can take.

The energy density of the WILB boson in neutron star
matter is given by [13, 19]:

EB = ±
(~c)3

2

(
g

mBc2

)2

n2
b (2)

Where g is the the coupling constant of the interaction
and mBc2 the mass of the boson. The sign (+) corresponds
to a vector boson (repulsive interaction), while the sign (-)
to a scalar boson (attractive interaction).

The corresponding contribution on the pressure is de-
fined as:

PB =
(~c)3

2

(
g

mBc2

)2

n2
b

(
1 −

2nb

mBc2

∂(mBc2)
∂nb

)
(3)

Therefore, the total equation of state is the sum of the
baryons and bosons:

E = Ebar + EB, P = Pbar + PB (4)

In previous studies [11, 13, 19] the range of the ratio(
g/mBc2

)2
was varying between [0 − 200] GeV−2. How-

ever, in our study we consider the interval [0.001 − 0.022]
for the coupling, which corresponds (for mBc2 = 17 MeV)
to (g/mBc2)2 [0.00346, 1.675] GeV−2. Following the work
of Brown and Rho [12], the in-medium modification of
the mesons scales linearly. As suggested in Ref. [11], at
the low density region the aforementioned modifications
functions well. We fix the parameter C so that the provided
EoS is in agreement with the bulk properties of symmet-
ric nuclear matter. A suitable parameterization is given
below:

m∗B ≡
17

1 −C

(
1 −C

nb

n0

)
(MeV), (5)

ensuring that at the saturation density n0, m∗B =

17 MeV/c2. In a good approximation the contribution of
the WILB begins after the crust-core interface.

Beyond the nuclear models, in our investigation we use
the Color-Flavor Locked (CFL) model for the description
of QSs, following the work of Lugones and Horvath [20].
In more detail, we use the lowest order approximation, in
which the EoSs are given in a simple and analytical form
and especially the contribution of the pairing correlations
and the mass of the strange quark are provided explicitly.

In the QS case, the energy density of the boson is given
by [15, 21]:

EB = ±
9(~c)3

2

(
g

mBc2

)2

n2
b (6)

where the contribution of the pressure is given by a
similar expression to (3). Thus, the total EoS is the sum of
the quarks and bosons:

E = EQ + EB, P = PQ + PB (7)

We clarify that the main difference to the neutron star
case is the extra factor of 9 in terms of the contribution to
pressure and energy density. This additional contribution
signifies highly the effect of the boson on the basic prop-
erties of compact objects.

3 Results and Discussion

We first used the RMF nuclear model in β−equilibrium by
parametrizing it properly. As a result the provided EoSs
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exhibit two different behaviors. In general, as one can ob-
serve in Fig. 1, the increase of the admixture fraction coef-
ficient aX leads to stiffer EoS (red curves) and on the other
hand the increase of the ρ-coupling leads to a softer EoS
(dashed curves compared to the solid ones). The combina-
tion on the values of the two aforementioned parameters
can be optimized, leading to a reasonable EoS which lies
inside the accepted regions derived by the observational
data.

Figure 1. The M-R diagram corresponds to the RMF model
of β−equilibrium (npe) for various EoSs. The blue (red) color
indicates the EoSs with 20% (30%) admixture, while the solid
(dashed) to the 5% (10%) ρ-coupling. The shaded regions
from bottom to top correspond to the HESS J1731-347 rem-
nant [22], the GW170817 event [23], PSR J1614-2230 [24],
PSR J0348+0432 [25], PSR J0740+6620 [26], and PSR J0952-
0607 [27] pulsar observations for the possible maximum mass.

Performing such an optimization we can deduce that
an admixture of 30% in the aX coefficient and using a ρ-
coupling of +5% provides a stiff EoS with maximum mass
of ∼ 2.26 M�. Furthermore an admixture of 20% in aX

in combination with the ρ-coupling varying between +5%
and +10% provides EoSs with maximum masses from
∼ 2.05 M� to ∼ 1.92 M� and radius from ∼ 13 km down
to ∼ 12.5 km respectively. We notice that there is not much
difference on the radius, rather on the predicted maximum
mass. Additionally, none of the total EoSs of the RMF
model that we used in our investigation can describe the
HESS J1731-347 [22].

Furthermore, as we show in Fig. 2 which demonstrates
the dependence of the effective tidal deformability Λ̃ to the
binary mass ratio q, the aforementioned optimization ex-
ists well below the observed upper constraint on Λ̃ derived
by the GW170817 event [23]. In our investigation we used
the corresponding estimations of the GW170817 detection
regarding the component masses as well the chirp mass of
the binary neutron star system [23]. By focusing on the
figure, we observe that in general the 20% admixture is
favored, contrary to the 30% admixture, as the first one
provides softer EoSs. For a fixed amount of admixture,

the EoSs with higher ρ-coupling provide lower values of
Λ̃. Although, this is not a decisive behavior for the exclu-
sion of the 30% admixture since there are cases that fulfill
the observational upper limit on Λ̃.

Figure 2. The Λ̃ − q dependence corresponding to the RMF
model of β-equilibrated (npe) matter. The shaded region shows
the excluded values derived from the GW170817 event [23]. The
EoSs are demonstrated as in Fig. 1.

Moreover, we investigated the possible effects of
the X17 boson by using the MDI model, an especially
three main MDI EoSs, characterized by the value of
the slope parameter L: L = 65 MeV, L = 72.5 MeV, and
L = 80 MeV, with blue, green, and red color in the
corresponding figures respectively. The coupling con-
stant g takes values up to g ' 0.022 to fulfill the prop-
erties of symmetric nuclear matter at saturation density
n0 = 0.16 fm−3, while the parameter C ranges in the inter-
val C ∈ [0,Cmax], where Cmax is the higher value, unique
for each EoS, with respect to the causality. In more de-
tail, the gmax ' 0.022 is provided by the deviation of the
binding energy of the symmetric nuclear matter at the sat-
uration density, i.e. −17 Mev ≤ Ebind(n0) ≤ −15 MeV. On
the other hand, the lower limit gmin ' 0.001 is defined as
the lowest value for which the contribution of the X17 bo-
son on the bulk properties of the compact objects, becomes
appreciable.

In Fig. 3 we show various regions in the parame-
ter spaces (g2/4π, µ) and (|aG |, λ) compared to constraints
from various experiments [13]. The constrain g2/µ2 = 200
GeV−2, which suggested in Ref. [13] and defines an ex-
cluded region, has been also included for comparison. The
constraints for the X17 boson in our study are depicted
with a short purple vertical line. The extrapolation of the
constraints to other masses, indicated by the purple-shaded
band which corresponds to 0.00346 GeV−2 ≤ g2/µ2 ≤

1.675 GeV−2. We notice that the theoretical predictions
are close to some experimental ones and especially to the
experiment of low-energy n - 208Pb scattering [28] (num-
ber 10 in Fig. 3), where intersects it, defining a limit on
g2/µ2 = 0.13301 GeV−2. We expect that in future exper-
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imental investigations, a better definition of the range of
X17 parameters could improve our theoretical predictions
regarding its impact on the properties of dense nuclear
matter.

Figure 3. Constraints on αG-λ (equivalently g2/4π-µ) derived
from Ref. [13]. The specific range for the X17 boson in the MDI
model is depicted with purple vertical line. The extrapolation
of these constraints to other masses is indicated by the purple-
shaded band which corresponds to 0.00346 GeV−2 ≤ g2/µ2 ≤

1.675 GeV−2. The square dot shows the constraints on the X17
boson (g2/µ2 = 0.13301 GeV−2), settled by the experiment of
low-energy n - 208Pb scattering [28] (number 10). The constraints
from various experiments, as well as the constrain g2/µ2 = 200
GeV−2 (number 13, which suggested in Ref. [13] Fig.1 and de-
marcates an excluded region), have been included for compari-
son. The inner figure visualizes in more detail the constraints of
the corresponding parameters, for the X17 boson, with respect to
the experimental data.

In a deeper examination, we studied the role of the two
main parameters, g and C, through their impact on the
macroscopic characteristics of neutron stars, and by tak-
ing into consideration the available astrophysical observa-
tions. As a general remark, only for higher values of the
coupling constant g (g & 0.009) the EoS presents higher
sensitivity to the C. As a tool for the examination of the
way that g and C impact on the EoSs, we constructed the
g − C parameter space, as shown in Fig. 4. In that way, we
obtain an overall view of these parameters and the impli-
cations from the available astrophysical constraints. The
green shaded region indicates the allowed parameter space
with respect to the non-violation of causality, for all three
set of MDI EoSs, with the green arrows showing the di-
rection of the corresponding accepted region. The green
solid curve represents the limit for the L = 80 MeV EoS,
the dashed one represents the limit for the L = 72.5 MeV
EoS, while the dash-dotted curve shows the limit for the
L = 65 MeV EoS.

We notice that the constraint imposed by the causal-
ity cuts off the very high values of g and C (grey shaded
area). In addition, for EoSs with lower L this bound
is shifted to even lower values of the parameter space,

Figure 4. Constraints for g and C for the three MDI EoSs with
respect to causality, the possible upper mass limit Mmax = 2 M�

and the dimensionless tidal Λ1.4 = 580 for the MDI (L=80 MeV)
EoS.

minimizing further the "window" of the accepted values.
The light purple solid curve indicates the maximum mass
limit of Mmax = 2 M� for the L = 80 MeV EoS, with the
parameter space on the left of this curve corresponding
to combinations of (g,C) that lead to neutron stars with
Mmax < 2 M�. The blue curve indicates the observational
upper limit of Λ1.4 for the L = 80 MeV EoS, serving as
an extra constrain which allows only the combination of
parameters on the left side of this curve to be accepted.
Hence, regarding the L = 80 MeV EoS, a neutron star with
at least Mmax ' 2 M� with respect to Λ1.4 and causality,
could be formed by the combination of the two parame-
ters that lie inside the curved triangle, shaped by the three
aforementioned curves. Such a parameter space is unique
for each set of EoS, and the corresponding Mmax require-
ment. To summarize, we introduced strong constraints
both by observational data and causality which lead to a
significant limitation of the allowed range of parameters.
This behavior is present correspondingly in the case of
QSs, as we will observe below.

Furthermore, our investigation was expanded to the
QSs case and the possible implications from the inclusion
of the X17 boson. The effect of X17 in the EoSs which
describe QSs is shown in Fig. 5. In our study we used
three different sets of EoSs to cover up a range of cases;
soft (CFL13), medium (CFL2), and stiff one (CFL10). We
underline that despite that the quark EoSs do not have to
respect the properties of symmetric nuclear matter at the
saturation density, we chose the same upper value for g
for the reason of comparison to the hadronic EoSs of the
MDI model. The dashed curves correspond to g = 0.011
while the dash-dotted ones correspond to g = 0.022. For a
fixed value of g the lighter colored curves indicate higher
C. In general, the contribution of X17 depends stronger on
g than on C. Also, the effect of X17 in pure QS are more
pronounced compared to the neutron star case, and the ori-
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Figure 5. The M-R diagram of the three CFL quark EoSs. The
shaded regions are the same as in Fig. 1.

gin of this behavior lies on the additional contribution of
factor of 9 on energy density and pressure (see Eq. 6). The
X17 has a strong impact on the maximum mass of each
set of EoSs, while also affects the radius but in a moder-
ate way. In addition, we notice that the CFL10 (stiff) and
CFL13 (medium) EoSs satisfy simultaneously both the ob-
servational data and the corresponding constraints.

In order to clarify the role of the two main parame-
ters in QSs EoSs, we constructed the corresponding g − C
parameter space for each set of quark EoS, by applying
various upper limits on Mmax, Λ1.4 and including causal-
ity. In Fig. 6 the three parameter spaces are depicted, with
the stiffness changing from soft to stiff from the left to
the right panel. We notice that as the stifness of the EoS
increases, the allowed (g,C) values that satisfy the men-
tioned constraints increases. Hence, since the range of
values for the coupling constant g is common for all cases,

the stiffer the EoS the higher the value of Cmax, meaning
higher contribution of X17. Also, the contribution of X17
depends stronger on g. The displayed points correspond
to the crossed colored curves’ values with the causality
limit. The curves of Mmax(C) and Λ1.4(C) are a unique
behavior of each set of CFL EoSs. The Mmax(C) curves
define that the (g,C) pair of values on the left of each one
of these curves cannot provide the required Mmax. In the
right panel, the observational limit on Λ1.4 excludes all the
(g,C) values on the right of the curve. One can observe
that for stiffer EoS only the higher values of Mmax can
provide further constraints. Regarding the constraints de-
rived by the Λ1.4, these can be informative in stiffer EoSs.
As a general remark, as the EoS becomes softer the range
of the parameters is more limited, for both hadronic and
quark EoSs. Therefore, we expect that additional obser-
vational data regarding the maximum mass as well more
strict upper and even lower limits on Λ1.4 could lead to
much stringent constraints on the coupling constant g and
the in-medium effect regulator C.

4 Conclusion

In our work we examined the effects of the X17 boson
on the EoS of both neutron star and quark star matter,
by using astrophysical observations and constraints on the
macroscopic characteristics of neutron stars. The main
findings can be concluded to the following:

1. Regarding the hadronic nuclear models, RMF and
MDI, and the differences in the inclusion of X17,
the effects is the same. In the RMF model the pres-
ence of X17 has an impact in the nuclear symmetry
energy, stiffening the EoS. In the MDI model, the
X17 contributes positively and directly to the hadron
pressure, leading also to stiffer EoS. This behavior
is the same for the pure quark matter scenario.

2. For the MDI and CFL models, the two main parame-
ters that we focused are a) the coupling constant g of

Figure 6. Constraints for g and C for (a) the CFL13 quark EoS (soft), the possible upper mass limits 1.8 M� and 2.0 M� and the
dimensionless tidal Λ1.4 = 580, (b) the CFL2 quark EoS (intermediate), the possible upper mass limits 2.2 M� and 2.4 M� and the
dimensionless tidal Λ1.4 = 580, and (c) the CFL10 quark EoS (stiffer), the possible upper mass limit 2.4 M� and the dimensionless tidal
Λ1.4 = 580 [29]. In all panels, the green shaded region indicates the allowed parameter space derived by the non-violation of causality,
while the yellow ones indicate the regions where we not include in our study.
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its interaction with hadrons or quarks, and b) the in-
medium effects through a regulator C. Both of them
are play a crucial role in the contribution of X17 to
the total energy density and pressure. Through our
study we provided constraints on these parameters,
by respecting the causality and available astrophys-
ical observations of Mmax and Λ1.4, highlighting the
information value of gravitational waves origin.

3. The theoretical investigation of the dependence αG-
λ (equivalently g2/4π-µ) is close to some experi-
mental ones. In view of this remark, we notice the
importance of future experimental studies in order
to define better the range of X17 parameters.

4. In addition, we found that the effects (for both neu-
tron and quark star matter) of X17 on the macro-
scopic properties of compact objects are harder to
be distinct for stiffer EoS. Between the hadronic and
quark matter, these effects are more pronounced in
the latter, mainly due to the extra factor 9 in the en-
ergy density and pressure contribution of X17 to the
total ones.

5. We notice that our study paid special attention to
the causality of the EoSs, as well took into consid-
eration the in-medium effects on the mass of X17.
This approach allowed us to impose important con-
straints on the effects X17 to the properties of both
neutron and quark stars, as well to shed light on the
extend of X17 effects on the properties of nuclear
matter.

6. As a final remark, we notice that the present study
can serve as the framework for future similar inves-
tigations regarding the possible existence of bosons
in nuclear matter and their implication to the macro-
scopic features of compact objects.
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