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[4] GW170817 constraints on the properties of a neutron star in the presence of WIMP dark
matter (Quddus (Aligarh Muslim University), Panotopoulos (IST), Kumar, Ahmad (Aligarh
Muslim University), and Patra (Homi Bhaba National Institute))

My colleagues and I have considered a relatively light Weakly Interacting Massive Particle
(WIMP) as a dark matter candidate with properties suggested by the results of the
DAMA/LIBRA collaboration, realized for instance within the framework of the Next-to-Minimal
Supersymmetric Standard Model. The dark matter (DM) particle interacts with the baryonic
matter of a neutron star (NS) through Higgs bosons. The DM variables are essentially fixed using
the results of the DAMA/LIBRA experiment, which are then used to build the Lagrangian
density for the WIMP-nucleon interaction inside a NS. We have used the effective field theory
motivated relativistic mean field (RMF) model to study the EoS in the presence of dark matter.
The predicted EoS are used in the TOV equations to obtain the mass-radius relations (see Fig.
4), the moment of inertia, and effects of the tidal field on a NS. The calculated properties are
compared with the corresponding data of the GW170817 event.
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Fig. 4: Mass-radius profile for NSs in the presence of DM.

[5] Effects of Dark Matter on Nuclear and Neutron Star Matter (Das (Homi Bhabha National
Institut_e), Kumar (Homi Bhabha National Institute), Kumar, Biswal (Xiamen University),
th#, Li (Xiamen University), and Patra (Homi Bhabha National Institute))

We study the DM effects on the nuclear matter (NM) parameters characterising the EoS of
super dense neutron-rich nucleonic-matter. The observables of the NM, 1.e. incompressibility,
symmetry energy and its higher order derivatives in the presence DM for symmetric and
asymmetric NM, are analysed with the help of RMF model. The calculations are also extended
to B-stable matter to explore the properties of the NS. We analyse the DM effects on symmetric
NM, pure neutron matter and NS matter with the help of RMF model using NL3, G3 and IOPB-
I forces. The binding energy and pressure are calculated with and without considering the DM
interaction with the NM systems. The influences of DM are also analysed on the symmetry
energy and its different coefficients. The incompressibility and the skewness parameters are
affected considerably due to the presence of DM in the NM medium. We extend the calculations
to NS and find its mass, radius and the moment of inertia (see Fig. 5) for static and rotating NS
with and without DM contribution. The mass of the NS considerably changes due to rapid
rotation with the frequency in the mass-shedding limit. The effects of DM are found to be
important for some of the NM parameters, which are crucial for the properties of astrophysical
objects.
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Fig. 5: Moment of inertia of the NSs in the presence of DM.

[6] Calculations of the collective inertial mass and self-consistent reaction path for low-energy
nuclear reactions (&, #%5)

Towards the microscopic theoretical description for large amplitude collective dynamics like
fusion/fission reactions, we propose a numerical method to determine the optimal collective
reaction path for nucleus-nucleus collisions, based on the adiabatic self-consistent collective
coordinate (ASCC) method. At the same time, we extracted the coefficients of inertial masses for
low-energy nuclear collective dynamics, which is the key ingredient for constructing the nuclear
collective Hamiltonian and study the quantum mechanical features of nuclear reactions.

Under the scheme of adiabatic self-consistent collective coordinate (ASCC), we use an iterative
method, combining the imaginary-time evolution and the finite amplitude method, for the
solution of the ASCC coupled equations. It is applied to light reaction systems of a + a— 8Be, a +
160— 20Ne and 160 + 60— 32S, We determine the collective paths, the potentials, and the inertial
masses. The results are compared with other methods, such as the constrained Hartree-Fock
method, Inglis's cranking formula.

The left panel on Fig. 6 shows the fusion path for the fusion reaction of 60 + a — 20Ne,
constructed by the microscopically derived collective coordinate, which can be decoupled from
other intrinsic degrees of freedom. This fusion path smoothly connects the two reacting nuclei
into the ground state of 20Ne. The right panel shows the derived inertial mass for the same system,
the results are compared with other methods. When the two nuclei are far away from each other,
the reduced mass can be reproduced. We have demonstrated that the inertial mass calculated by
our method is advantageous because it is self-consistent and not spoiled by the existence of the
time-odd mean-field potential in the realistic energy density functional. With these results, it
becomes feasible to perform ‘requantization’ of the TDHF(B), which will reveal more quantum
effects and microscopic information of nuclear fusion/fission reactions.
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Fig. 6: (Left) Density distribution on the x-z plane at four points on the ASCC fusion reaction
path of 60 + a — 20Ne: (a) R = 7.6 fm, ) R = 5.2 fm, (c) R = 4.2 fm, and (d R = 3.8 fm
corresponding to the ground state of 20Ne. (Right) The ASCC inertial mass (red solid curve) in
units of the nucleon mass as a function of R for the same system, compared with the cranking
inertial masses based on the CHF states with constraint on octupole deformation. The non-
perturbative and perturbative cranking inertial masses are shown with dotted and dashed lines,
respectively.
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(1) Tzevta Apostolova Y 7 4 7K (A T) 6/14-7/12

(2) Thibault Derrien 7’7/ K% (F= 1) 6/13-7/12

(3) Francois M.G.J. Coppens, Laboratoire Physique Théorique (LPT)

UNIVERSITE TOULOUSE I1I - Paul Sabatier (75> 2) 9/16-12/15

(4) Anton Husakou, Max Born Institute of Berlin ( K7 /), 10/10-11/11

(5) Guillaume Dechateau, HR/V F—K3% (77 R), 10/27-11/8
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Y=< —+ I—7 17 China-Japan Collaboration Workshop on “Nuclear Mass and Life for
Unraveling Mysteries of R-process” (Institute of Theoretical Physics, Beijing, China, Oct. 10— 12,
2019) B (HADDS 144, HEDND 184) (7).
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“Nuclear Physics in the 21th Century”) Joint Kickoff Meeting, Kobe, Dec. 6 - 7,2019) % Bif(
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3. International advisory and Program committee for Recent Progress in Many-Body Theories
(RPMBT-20) Conference, Toulouse, France, Sept. 9- 13,2019  (F15)

4. Chair of organizing committee for 11th symposium on Discovery, Fusion, Creation of New
Knowledge by Multidisciplinary Computational Sciences, Tsukuba, Japan, Oct. 15,2019 (H7%5) .
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