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Chiral SU(3) Quark Mean Field Model

Lagrangian density

Lot = Lyo + Lgm + Lss + Lyv + Lsp + Lam + L. (1)

e L, is the free part of massless quarks.

e L, quark meson interaction term.

@ sy scalar meson self-interaction term (o, £, y and ¢ fields).
o Lyy vector meson self-interaction term (w, p and ¢ fields).

o Lsp, Lam and Ly are explicit symmetry breaking terms.
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Chiral SU(3) Quark Mean Field Model

Thermodynamical potential density

Q= Z —2keTyi foo &k [In(1 + ¢~ E©-)/keT)
@2n)* Jo

+In(1 + e—(ET(k)Wi)/kBT)] - Ly, )

Ly = Lss + Lyv + Lsp.

Ef(k) = /ml*z + k2 is the effective single particle energy of quarks.

o m* = —gi(,a - gigf - giéé + my is effective constituent quark mass.

*

oV =pu—g w- gip¢ - gipp is effective chemical potential.

v; 1s spin degeneracy factor for quarks(y;=3) and electrons (y;=1).
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Polyakov Chiral SU(3) quark mean field model

Polyakov loop
®(X) = (Tr.L)/Nc, 3)
and its conjugate
®(x) = (Tr.L")/Nc. 4)
Total lagrangian density
Lrcomr = Ler —
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Polyakov Chiral SU(3) quark mean field model

Polyakov loop
®(X) = (Tr.L)/Nc, 3)
and its conjugate
®(x) = (Tr.L")/Nc. 4)
Total lagrangian density
Locqur = Lefi — UD(R), D), T), (5)

Modified thermodynamical potential density

Qpcour = ~2ksT ) f £ lin(l + e E @ T
(2n)
ud,s
+3@e~E W) /kpT | 3,2 (K)-vi)./ksT) +1In(1 + e 3E)+vi)./ke T

+3DeE W) /ksT | 3(1)6—2(Ei*(k)+vi)-/kBT)] + UD, D, T), (6)
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Polyakov Chiral SU(3) quark mean field model

here, U(D(X), D(X), T) is temperature dependent Polyakov loop effective po-

tential,

(LI(CDT’:D’ D_ —a(zT) D + b(Dn[1 — 6dD

+A(D® + D) — 3(DD)?],

with T-dependent parameters:

a(T) = ag + a](%) ; az(%)Z, b(T) = b3(%)3.

ao aj aj b3
351 | -247 | 152 | -1.75

Table 1: Parameters in Polyakov effective potential
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Magnetic field and volume effects

@ The total thermodynamical potential is altered and the term giving the
contribution of quarks and antiquarks interaction is written as

Q= - Z |Q15Tzak£:%(lng:+lngi_). 9)

i=u,d,s k=0

o Total effective energy of the quarks is modified as

Ef= \/p§+m;f2+|q,-|(2n+ 1 —1)B, (10)

@ The impact of finite size effect is assimilated in the model by using the
approximation method defined in by introducing a lower momentum
cut-off, ppin [MeV] = /R [MeV] = A, where R is the length of a cubic
volume.
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Results
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d¢/dT
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Summary

@ We have analyzed the impact of finite volume and external magnetic field
on the thermodynamic properties using Polyakov loop extended chiral
SU(3) quark mean field model in the asymmetric quark matter.

@ The impact of external magnetic field and finite system size on the phase

diagram of QCD have been investigated by inspecting the variation of
scalar and vector fields.

@ Susceptibilities of conserved charges are found to be enhanced in the
regime of critical-point.

@ These fluctuations can be deduced from event-by-event inspection of the
experimental data and hence play significant role in determination of
CEP.
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Thank you!

NC (NITJ) CFNS-CTEQ Summer School, 2023 June 9, 2023 21/21



	Introduction
	Methodology
	Magnetic field and volume effects
	Results
	Summary

