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● Aims:
○ investigate quark matter inside neutron 

stars using Bayesian inference;
○ analyze effects of pQCD calculation in 

neutron stars.
● Model:

○ quark phase: Nambu-Jona-Lasinio 
(NJL) with 5 different interaction terms;

○ hadron phase: Relativistic Mean Field 
(RMF);

○ phase transition: Maxwell transition.
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Light Nuclei in hot stellar matter:
calibrating their nuclear couplings

yyyyyyyiusing heavy-ion collisions data

• Tiago Custódio, 2nd year PhD student

⇒ University of Coimbra, Portugal
⇒ LPC, Caen, France ggggggg

• Poster

⇒ New calibration of nuclear couplings using
experimentally measured particle abundances
(INDRA collaboration)

⇒ Consequences on light nuclei abundances for
larger temperatures



Graphene Motivated 2+1 Dimensional Generalised Gross-Neveu Model
Biplab Mahato

 Graphene is a two dimensional material with hexagonal lattice 
structure.

 Near Dirac points, the theory can be described by massless 
Dirac fields

 In analogy with NJL model and plausible interaction in graphene 
we generalise the Gross-Neveu model in 2+1 dimension

 Mean Field Approximatio

 Beyond MFA via Beth-Uhlenbeck approach

 Applications.?



The effect of late-time heating in hybrid millisecond pulsars
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❖ NS cooling is an EoS observable
➢ Descriptions has been successful

❖ Old MSPs do not fit the classical cooling
➢ Heating mechanism must cancel photon 

contribution
❖ Rotochemical heating 

term may explain
➢ Rotational rate 

decreases -> 
star contracts   -> 
local perturbation of the chemical equilibrium

❖ We simulated RH with realistic hybrid EoS
➢ Reasonably distinct cooling lines between hadron 

vs hadron-quark composition
➢ Rotochemical heating presents a viable 

mechanism for late-time heating

Surface 
temperature of 
PSR objects 
superimposed 
with the 
classical 
cooling, 
prescribed by 
DD2-RDF EoS 
suppressed 
quarks.

Onset mass: 
1.13 Solar

Same, with 
rotochemic
al heating 
enabled 
with MSP 
settings.

> Pavlo Panasiuk et al (2024). Rotochemical heating in hybrid compact objects (IN 
PREPARATION)



Exploring Neutron Star’s Potential to 

Constrain the Mass of Bosonic Dark Matter
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Sexaquark             vs               H-Dibaryon

How would it behave under extreme conditions of Neutron Stars?
What would be the possible mass range as a Dark Matter Candidate?



Violation of Bell Inequalities
on Quantum Computers

IBM Quantum System 1
https://www.ibm.com/quantum/technology

Example of a qubit layout
https://quantum.ibm.com/services/resources?system=ibm_brisbane

Graph

Graph state

Graph inequality

Test it on a 
quantum 
computer
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Infinite nuclear matter within the relativistic 

Hartree-Fock (HF) approximation

Role of pions and retardation



Zubarev Meets Bayes: Non-Equilibrium Pion Distribution Function in Heavy-Ion Collisions
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➢ The non-equilibrium pion 

production leads to the 

appearance of a non-

equilibrium 𝜇𝜋 within the 

Zubarev approach 

BW based thermal 

particle generator

The data provided by the ALICE Collaboration show 

an enhancement of the the low-𝑝𝑇 part of pion transverse momen-

tum spectra with respect to the predictions of various models.  

Motivation   

• A state overpopulated by soft pions is formed at 𝜏 < 𝜏𝜋
𝐶𝐹𝑂

• For 𝜏𝜋
𝐶𝐹𝑂 < 𝜏 < 𝜏𝜋

𝐹𝑂  the total pion number is dynamically fixed

• Zubarev approach     pion number as a good relevant observable
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Model for Pions in Ultrarelativistic Heavy-Ion Collisions

Freeze-out on the cylindrical boost-invariant hypersurface with boost 

invariant longitudinal expansion and the radial flow 𝛽𝑇 = 𝑣 𝑟/𝑅 𝑛.

𝑑6𝑁𝑖

𝑑𝑝𝑇𝑑𝑦𝑑𝜓𝑑𝑟𝑑𝜂𝑑𝜑
∝ 𝜏𝑟𝑝𝑇𝑚𝑇 cosh 𝑦 − 𝜂 ×

× exp
𝑚𝑇 cosh 𝜌 cosh(𝑦 − 𝜂) − 𝑝𝑇 sinh 𝜌 cos 𝜑 − 𝜓 − 𝜇𝑖

𝑇
± 1

−1

Blast-Wave Model of Particle Freeze-Out

➢ 𝜇𝜋 ≃ 24 MeV is 

needed to describe 

the ALICE data

1University of Wroclaw, 2HZDR, 3CASUS, 4University of Frankfurt, 5University of Rostock 
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