
138
East European Journal of Physics. 3. 138–145 (2026)

DOI: 10.26565/2312-4334-2026-3-12 ISSN 2312-4334

FINITE-SIZE SCALING OF THERMAL SUSCEPTIBILITY AND SPECIFIC HEAT
DENSITY NEAR THE QCD DECONFINEMENT PHASE TRANSITION

B. Moussaoui1,2, A. Ait El Djoudi1*, H. Mouloudj1,3, M. A. Lakehal1,4

1Particle and Statistical Physics Laboratory, Ecole Normale Supérieure-Kouba, Vieux-Kouba, B.P.92, 16050 Algiers, Algeria
2Theoretical Physics Laboratory, Faculty of Physics, USTHB Bab-Ezzouar, El Alia, BP 32, 16111 Algiers, Algeria

3Hassiba Benbouali University, Chlef, Algeria
4M’hamed Bougara University, Boumerdes, Algeria

∗Corresponding Author e-mail: amal.aiteldjoudi@g.ens-kouba.dz
Received June 25, 2026; accepted August 17, 2026

The properties of the thermally driven deconfinement phase transition (DPT) from a hadronic gas (HG) to a color-singlet quark-gluon
plasma (QGP) containing gluons and massless up and down quarks, at a nonzero quark chemical potential 𝜇, are investigated by
considering the volumetric coexistence of the hadronic gas and the QGP in a finite-size system. Finite-size effects are analyzed for the
thermally driven DPT at different 𝜇 values. The critical exponents are determined using a numerical finite-size scaling (FSS) analysis,
by fitting the results as a function of the system size. The effective transition temperature (𝑇c) exhibits a shift toward higher values as
the system size decreases, indicating a critical behavior in the region of the thermally driven DPT from a HG to the QGP. Crucially,
all three scaling critical exponents are found to be independent of the quark chemical potential 𝜇, establishing the universality of the
finite-size scaling structure with respect to 𝜇.

Keywords: Thermally driven deconfinement phase transition (DPT); Color-singlet; Quark chemical potential; Finite-size scaling
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1. INTRODUCTION
Understanding the phase transition between hadronic gas (HG) phase and the quark-gluon plasma (QGP) phase

represents one of the most fundamental phenomena in contemporary high-energy and nuclear physics, and continues to be
the subject of intense theoretical and experimental investigation [1, 2]. Quarks and gluons, the fundamental components
of hadrons, interact via the strong interaction governed by Quantum Chromodynamics (QCD), the theory of the strong
force. Their behavior is studied in heavy-ion collisions at the Relativistic Heavy Ion Collider (RHIC) and the Large Hadron
Collider (LHC) [1]. The Deconfinement phase transition (DPT) describes the transition from the HG phase to the QGP
near effective transition temperature of 150-175MeV for three quark flavors [3], a result that finds consistent support from
recent high-precision lattice QCD simulations conducted at both vanishing and finite chemical potential [4, 5].

While most QCD studies assume infinite systems, the QGP formed in experiments is finite, with volumes ranging
from 50 fm3 to 250 fm3 [6, 7]. This fundamental discrepancy between infinite volume theoretical frameworks and the
genuinely finite nature of the physical system motivates a rigorous and systematic investigation of finite-size effects on
the DPT. Recent model-based studies have confirmed that a reduction in system volume leads to significant modifications
of key thermodynamic response functions, including the pressure, energy density, specific heat, speed of sound, and
conserved-charge susceptibilities, and that the QCD crossover transition is generally observed to become progressively
smoother as the system size decreases [8]. Finite-size effects strongly influence the position of the effective transition point
and other thermodynamic quantities in the phase coexistence model (PCM) [9–11]. Recent lattice QCD analyses have
further demonstrated that the volume and quark chemical potential dependence of the deconfinement crossover differs
completely from that of the chiral transition [12], underscoring the necessity of a careful and dedicated finite-size analysis
for the deconfinement sector specifically. Furthermore, the recent application of finite-size scaling (FSS) methodology
to experimental net-proton cumulant data from RHIC has yielded the first experimental evidence for a QCD critical
point within a range consistent with theoretical predictions [13], imparting further importance to comprehensive FSS
investigations.

The present paper extends the FSS analysis of the thermally driven DPT in finite volume (𝑉), first conducted at
vanishing chemical potential in Ref. [10], to the case of nonzero quark chemical potential within the color-singlet partition
function framework. While Ref. [10] established the FSS exponents at 𝜇 = 0, the explicit dependence of the FSS structure
on 𝜇, in particular whether the critical exponents remain universal as 𝜇 is varied, has not previously been demonstrated
for the thermally driven transition. This constitutes the principal new contribution of the present work. We systematically
demonstrate, for the first time, that the FSS critical exponents governing the transition width, and the temperature shift are
all independent of 𝜇, thereby establishing the universality of the finite-size scaling laws with respect to the quark chemical
potential.
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This paper is organized as follows. In Sec. 2, we describe the mixed HG-QGP in finite volume system within
the MIT bag model, using the PCM, and we derive the exact total color-singlet partition function (CS-PF) at nonzero
quark chemical potential 𝜇 using the group theoretical projection method [14, 15]. In Sec. 3, we introduce the key
thermodynamic response functions: the order parameter, the thermal susceptibility, and the specific heat density. We also
present a detailed discussion of the numerical results characterizing the finite-size behavior of these quantities at 𝜇 = 0
and 𝜇 = 100 MeV. Section 4 is devoted to the numerical FSS analysis and the determination of the critical exponents.
Section 5 summarizes the principal conclusions of our study.

2. THE MIXED HG-QGP EQUATION OF STATE AT NON-VANISHING CHEMICAL POTENTIAL
To describe the QCD-DPT in a finite system, we use the PCM [11]. This model assumes a mixed system consisting

of HG and QGP phases coexisting within a total volume 𝑉 . The HG phase occupies a fractional volume 𝑉𝐻𝐺 = ℎ𝑉 and
the QGP phase occupies the complementary volume 𝑉𝑄𝐺𝑃 = (1 − ℎ)𝑉 , where the fraction ℎ ∈ [0, 1] parametrizes the
partitioning of the volume between the two phases. The PCM is employed here within the MIT bag model, using massless
up and down quarks and treating the two phases as non-interacting. There is evidence suggesting that the effects of quark
masses on the transition point in the 𝑇 − 𝜇 plane at lower densities are indeed small [16], and the model is well-established
for qualitative finite-size analyses and captures the essential thermodynamics of the DPT. Using the PCM, the mean value
of a physical quantity <𝐴(𝑇, 𝜇,𝑉)> of the mixed system can be written as [11]:

⟨𝐴(𝑇, 𝜇,𝑉)⟩ =
∫ 1

0 𝐴(ℎ, 𝑇, 𝜇,𝑉) 𝑍 (ℎ, 𝑇, 𝜇,𝑉) 𝑑ℎ∫ 1
0 𝑍 (ℎ, 𝑇, 𝜇,𝑉) 𝑑ℎ

(1)

where 𝐴(ℎ, 𝑇, 𝜇,𝑉) is the total thermodynamic quantity in the state ℎ, and 𝑍 (ℎ, 𝑇, 𝜇,𝑉) is the total partition function of
the system with the requirement of color-singletness accounted for using the group theoretical projection method [14,15].
Under the assumption of a non-zero quark chemical potential and considering non-interacting phases, 𝑍 (ℎ, 𝑇, 𝜇,𝑉),
calculated in our previous work [16] for a HG of massless pions and a QGP containing massless up and down quarks, can
be written as:

𝑍 (ℎ, 𝑇, 𝜇,𝑉) = 4
9𝜋2 exp
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where 𝑑𝑄 and 𝑑𝐺 are the degeneracy factors of quarks and gluons respectively. The angles 𝜃𝑞 (for 𝑞 = 𝑟, 𝑔, 𝑏) are given
by:
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and 𝜃𝐺 (for 𝐺 = 1, . . . , 4) are expressed as follows:

𝜃1 = 𝜃𝑟 − 𝜃𝑔, 𝜃2 = 𝜃𝑔 − 𝜃𝑏, 𝜃3 = 𝜃𝑏 − 𝜃𝑟 , 𝜃4 = 0, (7)

and the function 𝑔1 (𝜙, 𝜓, 𝜇/𝑇) is given by:
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3. FINITE-SIZE EFFECTS ON THE THERMALLY DRIVEN DPT: THERMAL SUSCEPTIBILITY AND
SPECIFIC HEAT DENSITY

The main quantities of interest in this study are the thermal susceptibility and the specific heat density. First, we
derive the order parameter <ℎ(𝑇, 𝜇,𝑉)>, represented by the mean value of the HG volume fraction, which may be written
as:

⟨ℎ(𝑇, 𝜇,𝑉)⟩ =
∫ 1

0 ℎ(𝑇, 𝜇,𝑉) 𝑍 (ℎ, 𝑇, 𝜇,𝑉) 𝑑ℎ∫ 1
0 𝑍 (ℎ, 𝑇, 𝜇,𝑉) 𝑑ℎ

(9)

The thermal susceptibility is defined as the first derivative of the order parameter<ℎ(𝑇, 𝜇,𝑉)>, with respect to temperature:

𝜒𝑇 (𝑇, 𝜇,𝑉) =
𝜕⟨ℎ(𝑇, 𝜇,𝑉)⟩

𝜕𝑇

����
𝜇,𝑉

(10)

The specific heat density 𝑐𝑇 (𝑇, 𝜇,𝑉) is calculated from the derivative of the energy density <𝜖 (𝑇, 𝜇,𝑉)> with respect to
temperature as:

𝑐𝑇 (𝑇, 𝜇,𝑉) =
𝜕⟨𝜀(𝑇, 𝜇,𝑉)⟩

𝜕𝑇

����
𝜇,𝑉

(11)
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(
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𝜕𝜇

)
𝑇,𝑉

⟩ (12)

Figures 1 and 2 show the behavior of the order parameter <ℎ> (left panel) and the thermal susceptibility 𝜒𝑇 (right
panel) as functions of temperature, calculated at 𝜇 = 0 and 𝜇 = 100𝑀𝑒𝑉 , respectively for several system volumes with
𝐵1/4 = 200𝑀𝑒𝑉 . In both cases, the DPT exhibits characteristic finite-size rounding: at small volumes, thermal fluctuations
strongly smear the transition, resulting in smooth, rounded changes in <h>, while for large volumes the order parameter
develops a nearly sharp step-like discontinuity at the transition temperature characteristic of a first-order transition, known
to occur at the thermodynamic limit [17].

The magnitude of the thermal susceptibility peaks, |𝜒𝑚𝑎𝑥
𝑇

(𝑉) |, increases systematically with system size, and the
position of each peak defines the volume-dependent effective transition temperature 𝑇

Fixed 𝜇
𝑐 (𝑉). As the system size

decreases, the thermal width 𝛿𝑇𝑐 (𝑉) of the transition region broadens and shifts to higher temperatures, reflecting the
reduction of QGP degrees of freedom imposed by color-singletness [11, 14, 15]. The shifting of 𝑇Fixed 𝜇

𝑐 (𝑉) to higher
values at smaller volumes is a direct consequence of the fact that in finite systems the QGP color-singlet state requires
additional thermal energy to be formed compared to the infinite-volume case.

In the thermodynamic limit, the true transition temperatures are found to be 𝑇
(𝜇=0)
𝑐 (∞) = 143.928𝑀𝑒𝑉 and

𝑇
(𝜇=100𝑀𝑒𝑉 )
𝑐 (∞) = 139.229𝑀𝑒𝑉 , consistent with theoretical estimates obtained from recent lattice QCD simulations

[18, 19]. A nonzero chemical potential shifts the entire transition region to lower temperatures without altering the
qualitative finite-size structure.

Figure 1. Variations of the order parameter ⟨ℎ⟩ (left panel) and the thermal susceptibility 𝜒𝑇 (right panel) as a function
of the temperature at 𝜇 = 0𝑀𝑒𝑉 , for various volume selections with 𝐵1/4 = 200𝑀𝑒𝑉 .
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Figure 2. Variations of the order parameter ⟨ℎ⟩ (left panel) and the thermal susceptibility 𝜒𝑇 (right panel) as a function
of the temperature at 𝜇 = 100𝑀𝑒𝑉 , for various volume selections with 𝐵1/4 = 200𝑀𝑒𝑉 .

Figure 3 shows the specific heat density 𝑐𝑇 as a function of temperature at 𝜇 = 0 (left panel) and 𝜇 = 100 MeV (right
panel), for several volume selections. The specific heat density exhibits well-defined peaks whose maxima 𝑐max

𝑇
increase

sharply with increasing volume, while their widths 𝛿𝑇𝑐 (𝑉) decrease, in agreement with the expectation that the transition
sharpens in larger systems [20]. The localization of the maximum 𝑐max

𝑇
at temperature 𝑇𝑐 (𝑉) provides an independent

determination of the effective transition temperature, consistent with the location of the thermal susceptibility peak. A
similar volume dependence of the specific heat density has been reported in Refs. [8,21]. Importantly, the quark chemical
potential 𝜇 does not alter the qualitative behavior of either 𝜒𝑇 or 𝑐𝑇 as functions of volume: it merely shifts the entire
temperature transition 𝛿𝑇𝑐 (𝑉) to a lower temperature, while leaving the finite-size scaling structure unchanged. This
observation motivates the systematic FSS analysis presented in the next section.

Figure 3. Plots of the specific heat density 𝑐𝑇 as a function of temperature, (left panel) at 𝜇 = 0, and (right panel) 𝜇 =

100𝑀𝑒𝑉 , for several volume selections with 𝐵1/4 = 200𝑀𝑒𝑉 .

4. FINITE-SIZE SCALING ANALYSIS: CRITICAL EXPONENTS FOR THE THERMAL DPT

In the thermodynamic limit, several thermodynamic quantities associated with the thermally driven DPT diverge or
become discontinuous at the critical temperature. In a finite system of volume 𝑉 , these singularities are rounded over a
finite temperature transition region 𝛿𝑇𝑐 (𝑉), around an effective transition temperature 𝑇𝑐 (𝑉), which is shifted relative to
the true transition temperature 𝑇𝑐 (∞). The resulting shift is: 𝜏𝑇 (𝑉) = 𝑇𝑐 (𝑉) − 𝑇𝑐 (∞). The FSS theory for a first-order
phase transition [22–25] predicts characteristic power-law dependences on the system volume. The critical exponents
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characterizing their power-law evolution with the volume are [10]:
𝑐max
𝑇 (Fixed 𝜇,𝑉) ∼ 𝑉 𝛼𝑇 ,

𝛿𝑇𝑐 (Fixed 𝜇,𝑉) = 𝑇2 (𝑉) − 𝑇1 (𝑉) ∼ 𝑉−𝜃𝑇 ,

𝜏𝑇 (Fixed 𝜇,𝑉) = 𝑇𝑐 (𝑉) − 𝑇𝑐 (∞) ∼ 𝑉−𝜆𝑇 .

(13)

For a first-order phase transition at fixed quark chemical potential, the scaling critical exponents are expected to be
equal to unity: 𝛼𝑇 = 𝜃𝑇 = 𝜆𝑇 = 1.

Figure 4 shows the peak maxima 𝑐𝑚𝑎𝑥
𝑇

of the specific heat density as functions of the volume, at 𝜇 = 0 (left panel)
and 𝜇 = 100𝑀𝑒𝑉 (right panel), with 𝐵1/4 = 200𝑀𝑒𝑉 . A power-law fit of the form 𝑐max

𝑇
(Fixed 𝜇,𝑉) ∼ 𝑉 𝛼𝑇 yields: 𝛼𝑇 =

1.012 ± 0.004 (𝜇 = 0), 𝛼𝑇 = 1.017 ± 0.006 (𝜇 = 100𝑀𝑒𝑉).

The scaling of the specific heat density peak maximum with volume (exponent 𝛼𝑇 ≈ 1) is the hallmark signature of a
first-order phase transition [10]. The slight deviation from unity is within the systematic numerical uncertainty of the fitting
procedure. It is noteworthy that the exponent values at 𝜇 = 0 and 𝜇 = 100𝑀𝑒𝑉 are statistically indistinguishable within
the quoted uncertainties, providing the first evidence that the FSS of the specific heat density maximum is insensitive to
the quark chemical potential.

Figure 5 displays the width of the transition temperature region 𝛿𝑇𝑐 (Fixed 𝜇,𝑉), as a function of the inverse volume
1/𝑉 , at 𝜇 = 0 (left panel) and 𝜇 = 100𝑀𝑒𝑉 (right panel). This allows the determination of the value of the critical
exponent 𝜃𝑇 defined in the scaling: 𝛿𝑇𝑐 (Fixed 𝜇,𝑉) ∼ 𝑉−𝜃𝑇 , and we find the numerical result: 𝜃𝑇 = 1.010 ± 0.001 (𝜇 =

0), 𝜃𝑇 = 1.007 ± 0.001 (𝜇 = 100𝑀𝑒𝑉). These values confirm, with high numerical precision, the expected linear scaling
of the transition width with 1/𝑉 for a first-order phase transition. Again, the critical exponents at 𝜇 = 0 and 𝜇 = 100𝑀𝑒𝑉

are statistically consistent, reinforcing the independence of the FSS structure from the quark chemical potential.
Figure 6 shows the shift of the effective transition temperature 𝜏𝑇 (Fixed 𝜇,𝑉), extracted from the position of the

thermal susceptibility peak, as a function of 1/𝑉 . A power-law fit to the form 𝜏𝑇 (Fixed 𝜇,𝑉) = 𝑉−𝜆𝑇 , gives the numerical
result of the shift scaling exponent: 𝜆𝑇 = 0.859 ± 0.003 (𝜇 = 0), 𝜆𝑇 = 0.860 ± 0.003 (𝜇 = 100𝑀𝑒𝑉). According to [10],
such a value 𝜆𝑇 ≠ 1 suggests the contribution of additional terms with higher powers of𝑉−1, such that the parametrization
should be with the laws: 𝐴1𝑉

−𝜆 + 𝐴2𝑉
−2 or 𝐴1𝑉

−𝜆 + 𝐴2𝑉
−2 + 𝐴3𝑉

−3, where 𝐴1, 𝐴2, 𝐴3, expected to be independent of
the quark chemical potential.

Taken together, the results of the FSS analysis show that the scaling exponents 𝛼𝑇 and 𝜃𝑇 are equal to unity
within numerical precision, while 𝜆𝑇 deviates slightly from unity due to subleading corrections. All three exponents
are independent of the quark chemical potential 𝜇, and are collectively consistent with a first-order phase transition. We
conclude that the thermally driven DPT, in the presence of a nonzero quark chemical potential, obeys the same FSS scaling
laws as those obtained at 𝜇 = 0 [10], and that the critical exponents are universal with respect to 𝜇. This conclusion
parallels the analogous finding for the density driven DPT reported in Ref. [16], where the scaling exponents were found
to be independent of the fixed temperature at which the density-driven transition is studied.

Figure 4. Plot of the peak maxima of the specific heat density 𝑐max
𝑇

with volume, as a function of volume, at 𝜇 = 0 (left
panel) and 𝜇 = 100𝑀𝑒𝑉 (right panel), with 𝐵1/4 = 200𝑀𝑒𝑉 .
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Figure 5. Plot of the width of the temperature transition region 𝛿𝑇 (𝑉), as a function of inverse volume, at 𝜇 = 0 (left
panel) and 𝜇 = 100𝑀𝑒𝑉 (right panel), with 𝐵1/4 = 200𝑀𝑒𝑉 .

Figure 6. Plot of the shift of the effective transition temperature 𝜏𝑇 (𝑉) from the thermal susceptibility, as a function of
inverse volume, at 𝜇 = 0 (left panel) and 𝜇 = 100𝑀𝑒𝑉 (right panel), with 𝐵1/4 = 200𝑀𝑒𝑉 .

5. CONCLUSIONS
In the present work, we have investigated the finite-size effects on the thermally driven deconfinement phase transition

(DPT) from a hadronic gas (HG) consisting of massless pions to a color-singlet quark-gluon plasma (QGP) containing
gluons and massless up and down quarks. Using the exact color-singlet partition function (CS-PF) within the phase
coexistence model (PCM), we have computed the key thermodynamic response functions such as the order parameter <h>,
the susceptibility 𝜒𝑇 , and the specific heat density 𝑐𝑇 as functions of temperature, at fixed quark chemical potential 𝜇, and
varying volume 𝑉 .

In small volumes, a smooth crossover is observed due to strong thermodynamic fluctuations, while in the thermo-
dynamic limit a sharp discontinuity in the order parameter ⟨ℎ⟩ appears at the true transition temperature 𝑇𝑐 (Fixed 𝜇,∞),
signaling a first-order DPT. A systematic variation of the effective transition temperature 𝑇𝑐 (𝑉) with system size is ob-
served, which diminishes for larger volumes and converges to 𝑇𝑐 (Fixed 𝜇,∞) in the thermodynamic limit. The quark
chemical potential does not affect the width 𝛿𝑇𝑐 (Fixed 𝜇,𝑉) of the transition region; it only shifts the true transition
temperature 𝑇𝑐 (Fixed 𝜇,∞) to lower values. A similar volume dependence has been reported in Refs. [8, 21].

A numerical FSS analysis of the behavior of the maxima of the rounded peaks of the specific heat density 𝑐max
𝑇

, the
width of the temperature transition region 𝛿𝑇𝑐 (𝑉), and the shift of the effective transition temperature 𝜏𝑇 (𝑉), yields the
scaling critical exponents 𝛼𝑇 , 𝜃𝑇 , 𝜆𝑇 . All three exponents converge to unity when subleading corrections are properly
accounted for, confirming that the thermally driven DPT is of first order.

The principal new finding of this work is that all three FSS critical exponents are independent of the quark chemical
potential 𝜇. Based on our results and those of Refs. [10,16], we conclude that the thermally driven DPT obeys a universal
finite-size scaling law governed by the system volume, with critical exponents characteristic of a first-order transition
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and independent of 𝜇, identical to those found for the density-driven DPT [16]. This universality of the FSS structure
with respect to the thermodynamic control parameters (𝜇 and 𝑇) represents a robust property of the color singlet QCD
deconfinement transition in the PCM framework.
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transition line up to 𝜇𝐵 = 400 MeV from finite volume lattice simulations,” Phys. Rev. D, 110(11), 114507 (2024). https:
//doi.org/10.1103/PhysRevD.110.114507

[6] L.F. Palhares, E.S. Fraga, and T. Kodama, “Chiral transition in a finite system and possible use of finite size scaling in relativistic
heavy-ion collisions,” J. Phys. G, 38(8), 085101 (2011). https://doi.org/10.1088/0954-3899/38/8/085101

[7] S.A. Basset, et al., “Reaction dynamics in Pb + Pb at the CERN/SPS: From partonic degrees of freedom to freeze-out,” Prog. Part.
Nucl. Phys. 42, 313 (1999). https://doi.org/10.1016/S0146-6410(99)00086-1

[8] S. Pal, A. Motornenko, V. Vovchenko, A. Bhattacharyya, J. Steinheimer, and H. Stoecker, “Effect of finite volume on thermody-
namics of quark-hadron matter,” Phys. Rev. D, 109(1), 014009 (2024). https://doi.org/10.1103/PhysRevD.109.014009

[9] M.E. Fisher, and M.N. Barber, “Scaling theory for finite-size effects in the critical region,” Phys. Rev. Lett. 28(23), 1516 (1972).
https://doi.org/10.1103/PhysRevLett.28.1516

[10] M. Ladrem, and A. Ait-El-Djoudi, “Finite-size effects and scaling for the thermal QCD deconfinement phase transition within the
exact color-singlet partition function,” Eur. Phys. J. C, 44(2), 257-265 (2005). https://doi.org/10.1140/epjc/s2005-02357-y
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СКIНЧЕННО-РОЗМIРНЕ МАСШТАБУВАННЯ ТЕПЛОВОЇ СПРИЙНЯТЛИВОСТI ТА ПИТОМОЇ
ТЕПЛОЄМНОСТI ПОБЛИЗУ КХД ФАЗОВОГО ПЕРЕХОДУ З ДЕКОНФАЙНМЕНТОМ

Б. Мусауї1,2, А. Айт Ель Джудi1, H. Мулудж1,3,М. А. Лейкхал1,4
1Лабораторiя фiзики елементарних частинок та статистичної фiзики, Вища нормальна школа-Куба,

В’є-Куба, B.P.92, 16050 Алжир, Алжир
2Лабораторiя теоретичної фiзики, Фiзичний факультет, USTHB Bab-Ezzouar, Ель-Алiя, BP 32, 16111 Алжир, Алжир

3Унiверситет Хассiби Бенбуалi, Шлеф, Алжир
4Унiверситет Мхамеда Бугари, Бумердес, Алжир

Властивостi термiчно керованого фазового переходу деконфайнменту (DPT) вiд адронного газу (HG) до кольорової синглетної
кварк-глюонної плазми (QGP), що мiстить глюони та безмасовi верхнi та нижнi кварки, при ненульовому хiмiчному потенцiалi
кварка 𝜇, дослiджуються з урахуванням об’ємного спiвiснування адронного газу та QGP у системi скiнченних розмiрiв. Ефекти
скiнченних розмiрiв аналiзуються для термiчно керованого DPT при рiзних значеннях 𝜇. Критичнi показники визначаються за
допомогою числового аналiзу масштабування скiнченних розмiрiв (FSS) шляхом апроксимацiї результатiв як функцiї розмiру
системи. Ефективна температура переходу (𝑇c) демонструє зсув до вищих значень зi зменшенням розмiру системи, що вказує
на критичну поведiнку в областi термiчно керованого DPT вiд високорозмiрної форми до QGP. Важливо, що всi три критичнi
показники масштабування виявляються незалежними вiд хiмiчного потенцiалу кваркiв 𝜇, що встановлює унiверсальнiсть
структури масштабування скiнченних розмiрiв вiдносно 𝜇.
Ключовi слова: термiчно керований фазовий перехiд деконфайнменту (DPT); кольоровий синглет; хiмiчний потенцiал
кваркiв; аналiз масштабування скiнченних розмiрiв (FSS); температура переходу
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