D meson in isospin asymmetric A resonance matter at finite temperature and density %]»
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Abstract

We present the in-medium mass modification of D (D*, D) and D (D, D) mesons when immersed in isospin asymmetric A resonance matter by using the chiral SU(3)
hadronic model extended to the SU(4) sector. The interactions of D and D mesons with decuplet baryons (A™"""7) are explicitly taken into account in the dispersion

relations in addition to nucleons. The properties of D (D) mesons are modified at finite density and temperature of asymmetric resonance matter through the exchange of

scalar fields o, ( and 0 and the vector fields w and p. At finite temperatures, the effective masses of D (D) mesons undergo substantial modifications due to the presence of
A resonance baryons within the medium. The significance of isospin-dependent medium effects is especially important for future asymmetric HIC studies.
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1. Introduction

e The study of in-medium properties of hadrons within the dense
medium is a significant area of research because of its implications
for astrophysics observations and heavy ion collision (HIC) out-
comes [1].

e Relativistic heavy-ion collisions are a unique tool to create and
study hot QCD matter under controlled conditions.

e The isospin-dependent medium effects is particularly significant for

gaining insights into the structure of neutron stars, as the core of

neutron stars is highly isospin asymmetric, and forthcoming asym-

metric HIC experiments of Antiproton and Ion Research at the GSI
Facility [2].

2. The chiral SU(3) hadronic model

e The effective Lagrangian density of this model is given by [3]
L = Lyin + Z Loy + Lo+ Lyec + LsB.
M=PX,V,A
e The effective masses of baryons can be defined as
m; = — (950 + 9ciC + g5il3i0) + mio,
where i= p, n, A™", AT, A', and A~.
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e The thermodynamic potential per unit volume, ;;
field approximation, is provided by the equation,
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¢ Isospin asymmetric parameter is given as
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3. The effective Lagrangian approach

e The Lagrangian density, which describes the interaction of baryons

with D (D) mesons given by [4, 5]
Lpp = Low + Low + Linass + Listrangeterm + Lo 4+ LM
e The dispersion relation of D and D mesons is given as
—w? 4k + m%@) — p(w, [k]) =0,

e where I1(w, |k|) represents the in-medium self-energy for D" and
D' mesons, is given by

Mp(w, |k|) = - 3(pp + pn) £ (pp — pn) + 5 (B(pa+ + pao) £ (pa+ — pao))
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In the above equations, the = symbol gives the self-energy for D™
and D' respectively. For the D", the parameters are set as a = 1,
b = 0, whereas these are assigned as ¢ = 0, b = 1 for D'.
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4. Results and discussion

e For given temperature 7' and isospin asymmetric parameter [,, the in-medium mass of
meson decreases with increasing baryonic density.
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e The in-medium masses of D" (D~) mesons exhibit a similar trend like m7}, (m},) because

they belong to the same isospin multiplet.
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Figure 1: The comparison of effective masses of D (D) mesons with respect to baryon
density pp/py at different temperatures 7' and a fixed value of isospin asymmetric
parameter /,—0.3 within isospin asymmetric A resonance and nuclear medium
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Figure 2: The in-medium masses of D (D) mesons plotted as a function of the baryonic

density pg/py, for nuclear matter (dashed lines) and A resonance matter (solid lines) at
temperatures ' = 100 MeV for [,=0, 0.3 and 0.5

¢ In conclusion, the presence of A baryons within the medium enhance attractive interactions
, resulting in a more significant reduction in m7}, as temperature rise compared to nuclear
medium.

e The impacts of all decuplet baryons (A0~ ¥*E0 == ' )~) on D meson’s properties would
be an interesting path forward.
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