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Introduction and motivation

The twin compact stars scenario, in which there exists two compact
stars of the same mass but of different sizes due to their different
iInternal composition, provides a way to study the properties of dense
nuclear matter by means of astrophysical observations. Within this
realization, a strong first-order phase transition inside compact stars
will give rise to a disconnected branch in their mass-radius diagram.
In this work we consider models of twin compact stars that describe
the observation of the HESS J1731-347 object which is light and
very compact. Their equations of state (EoS) are shown in figure 1
whereas their corresponding compact star sequences are shown in
figure 2. From the figures it can be clearly seen that the models fulfill
state-of-the-art nuclear measurements and compact star
observations. Details can be found in [1].
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Fig. 1 Equations of state of hybrid compact stars considered in
this work [1]. All of them feature a hadronic component described
by the DD2 model with excluded volume correction [2]. Quark
matter in their cores is described either by the non-local NJL
model [3] or the Constant Speed of Sound Parameterization [4].
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Fig. 2. Mass-radius diagram of compact stars featuring hybrid
compact stars which describe the object HESS J1731-347 as well as
state-of-the art measurements of other compact stars [1].
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Predictions for multi-messenger detections

Compact star f-mode parameters can be investigated via
detection of associated gravitational waves production when
compact stars oscillate. Measuring the frequency and damping
time of these modes allows for an estimation of the stellar mass
and radius via universal relations [5]. Figure 3 shows computed f-
modes properties of the models considered in this work.
Moreover, compact star glitches are thought to be driven by f-
modes therefore potentially providing a future counterpart multi-
messenger measurement. In addition, the distribution of matter
iInside twin stars provides a special signature that can distinguish
them from other compact stars models. This feature can be
studied by measuring the stellar moment of inertia which is in turn
also associated with pulsar glitching, see figure 4.
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Fig. 3. Frequencies and damping times of the f-mode excitation for
hybrid compact stars within this work [1].

0'3 | ] ]
025 — DD2FMEVp80-nINJL(u_ = 860 MeV) | _|
TTH — DD2FMEVp80-nINJL(u_= 955 MeV) | -
i — DD2MEVp80-CSS(c, = 0.9) i
0.2 CCT(C,” = 12 fm’, L = 60 MeV) 7
_ NNT-Skyrme(L = 63 MeV) i
e — _
0.15 :
0.1 -
- 70% i
0051
| 14%
0 I e e N

Fig. 4. Fraction of the stellar moment of inertia carried by the crust
together with pulsar glitch constraints for the compact star mass M
of a glitcher derived by the Vela pulsar (Al/1>1.4%), and from
consideration of entrainment of superfluid neutrons in the crust
(AlN1>7.0%) [1].

References

[1] "Properties of the Object HESS J1731-347 as a Twin Compact
Star”, David E. Alvarez-Castillo. Universe 2025, arXiv:2504.00240
[2] "Variations on the excluded-volume mechanism®, S. Typel, Eur.
Phys. J. A, 52, 16 (2016).

[3] "Third family of compact stars within a nonlocal chiral quark
model equation of state", David E. Alvarez-Castillo et al., Phys.
Rev. D, 99, 063010 (2019).

[4] "Generic conditions for stable hybrid stars”, M. Alford et al.,
Phys. Rev. D, 88, 083013 (2013).

[5] "Probing hadron—quark phase transition in twin stars using f -
modes”, B. Pradhan et al., MNRAS 531, 4640-4655 (2024).

*dalvarez@ifj.edu.pl



	Slide 1

