Available online at www.sciencedirect.com

ScienceDirect NUCLEAR

CrossMark PHYSICS AN

ELSEVIER Nuclear Physics A 960 (2017) 147-164
www.elsevier.com/locate/nuclphysa

Scalar and vector self-energies of heavy baryons
in nuclear medium

K. Azizi **, N. Er®, H. Sundu®

& Department of Physics, Dogus University, Acibadem-Kadikiy, 34722 Istanbul, Turkey
b Department of Physics, Abant Izzet Baysal University, Golkoy Kampiisii, 14980 Bolu, Turkey
¢ Department of Physics, Kocaeli University, 41380 Izmit, Turkey

Received 8 November 2016; received in revised form 6 February 2017; accepted 9 February 2017
Available online 20 February 2017

Abstract

The in-medium sum rules are employed to calculate the shifts in the mass and residue as well as the scalar
and vector self-energies of the heavy A g, £ and E baryons, with Q being b or ¢ quark. The maximum
shift in mass due to nuclear matter belongs to the X, baryon and it is found to be Amy, = —936 MeV.
In the case of residue, it is obtained that the residue of ¥; baryon is maximally affected by the nuclear
medium with the shift AAy, =—0.014 GeV3. The scalar and vector self-energies are found to be ¥ ib =

653 MeV, £ = —614 MeV, B3 =—17 MeV, B3 =272 MeV, B3 =—936 MeV, 2§ = —5MeV
and T} =436+ 148 MeV, =Y, _382:i:129MeV B 155 MeV, B} —151+45MeV, £ =

486 £ 144 MeV and E‘L‘ =1. 391 4 0.529 MeV.
© 2017 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

The investigation of the in-medium properties of hadrons constituents one of the main direc-
tions of the research in high energy and particle physics both theoretically and experimentally.
Such studies can help us not only better understand the structure of the hot and dense astrophys-
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ical objects like the neutron stars and analyze the results of the heavy ion collision experiments,
but also get valuable knowledge on the perturbative and nonperturbative aspects of QCD and the
nature of the quark—gluon plasma as the new phase of matter. From the experimental side, the
PANDA and CBM Collaborations at FAIR aim to study the in-medium properties of not only the
standard but also the non-conventional exotic states newly discovered by different collaborations
[1-7].

From the theoretical side, it can be found many studies devoted to the in-medium properties
of the light and heavy mesons as well as the light baryons (see for instance [8-21]). In the heavy
baryon sector, however, there are few works dedicated to the investigation of the spectroscopic
parameters of the heavy baryons in nuclear medium [22-24]. In these studies, the authors use the
Ioffe current to study some properties of heavy and doubly heavy baryons.

In the present study, we use the interpolating currents with an arbitrary mixing parameter
to investigate the shifts in the mass and pole residue of the heavy Ag, ¥p and Eg baryons
due to the nuclear medium. We employ the in-medium QCD sum rule approach to calculate
also the scalar and vector self-energies of those baryons by fixing the mixing parameter entered
the interpolating currents according to the standard prescriptions. We shall note that we do not
analyze the heavy ¢ baryon here since the nuclear matter considered in the present work does
not affect the parameters of the Q2o baryon considerably as it does not contain the u or d quark.
One may investigate the shifts on the parameters of this baryon in hyperonic and strange matters
or nuclear medium with strange component.

This work is organized as follows. In section 2, we obtain the in-medium QCD sum rules
for mass and residue as well as the scalar and vector self-energies of the heavy Ag, Xp and Eg
baryons in nuclear matter. In section 3, the numerical analyses of sum rules are performed and the
results are compared with those of the vacuum and other predictions obtained via loffe currents
in the literature. The last section contains our concluding remarks. Some lengthy expressions
obtained during calculations are moved to the Appendix A.

2. Mass, residue and self-energies of heavy baryons in nuclear matter

In order to calculate the mass, residue as well as the scalar and vector self-energies of the
heavy baryons using the QCD sum rule method in nuclear medium, the first step is to construct
an in-medium two-point correlation function:

Mei / d*xeP* (Yol T 5y (x) T3, (O)]1¥0) (1)

where p is the four momentum of the heavy baryon, |y) is the nuclear matter ground state and
JB,, is the int‘erpolating current of the heavy Bg = A, X, B¢ baryons. These interpolating
currents are given as
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