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QCD phase diagram

Bigger Picture : Understand the thermodynamics at the
QCD crossover, study the QCD phase diagram, indication
of the location of the critical point.....

Quark-Gluon Plasma
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EoS of (2+1)-flavor QCD :

Study of the bulk
Thermodynamic observables
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Success and limitation of Taylor expansions
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Era of resummation?
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Good control on lower order cumulants at
Intermediate baryon chemical potential.

Good control on higher order cumulants at
smaller baryon chemical potential.

Validity and reliability of Taylor expansion will
be limited by its radius of convergence and on
the number of terms.

Calculating higher order terms using brute
force method seems unreasonable.
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EoS: 2017vs 2022 [N, = 4N /]
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Thermodynamics using Lattice QCD

Expansion of the QCD pressure:
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Constrained series expansion : 5
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Parametrization of 1), g [ny/ng = r,ng=0]:

We will discuss, ng = 0, nQ/nB = 0.5, = ug, pus # 0, Ho = 0,

Condition in HIC, ng =0, n,/ng =0.4, = ug,us# 0, py < upg



Padé resummed expansion of pressure and number density

Estimated radius of convergence from 8th order pressure series, T > 130 MeV : uy/T < 2.5

Poles of the [4,4] Pade approximants : Complex in the temperature range [135 : 165]
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Padé resummed expansion of bulk Thermodynamic observables

no/ng = 0.5, ng=10

Estimated radius of convergence from 8th order Pressure series T > 130 MeV : ug/T < 2.5

Poles of the [4,4] Pade approximants : Complex in the temperature range [135 : 165]
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Expansion co-efficients of the Thermodynamic observables

no/ng = 0.5,ng =0
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Taylor expansion of bulk Thermodynamic observables
no/ng =0.5, ng=0
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HotQCD collaboration: arXiv:2202.09184
Reliability of the expansion: For, 7' > 130 MeV , number density is
considered upto yz/T < 2 while the pressure series is reliable
upto up/T < 2.5.
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Reliability of the expansion: For, 7' > 130 MeV , energy density and entropy is
considered to be reliable for /T ~ [2.5 — 2] while the specific heat is considered
to be reliable for uz/T ~ [1.5 —2].




Padé resummed expansion of bulk Thermodynamic observables
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 Peak of the specific heat (ii; # 0) can be
understood from O(4) scaling functions.
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Isentropic EoS of 2+1)-flavor QCD : relevant for HIC

Condition in HIC, ng = 0, ny/ng =0.4, = pg,us # 0, uy < pg
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Series expansion in pi;/T is used for
the determination of the lines of

Sy = (P + &)/ig — fig — figholfip

A oA ~3
Ho = qilip + qsiig + ... constant entropy per baryon number
X 0 §\ ' §/7g , which could be used for
Hp = Z Nop_i ﬁ_B characterizing the expansion of dense
n=1

matter created in heavy ion collisions
David Clarke, 11 Aug 2022, 09:20

At T, this covers the STAR beam energy range, 200 — 20

pe’

GeV »



Isentropic EoS of 2+1)-flavor QCD : relevant for HIC
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The observables doesn’t show any
s/ny dependence.
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Conclusions

> Good convergence of Taylor series of

energy density, entropy and specific heat 2; eeonaingn0s | VBISESSE = 7T GeV
for jig/T ~ 2, 2 and 1.5 respectively. 0 lowe e m _ 7
. ~11GeV 0
> Using the Padé resummed pressure series Ez: _ 3
we construct the Padé approximants of 0 _ &
other thermodynamic observables and 0'1 ~ 27 GeV
show that they agree with each other '0 -
|/’It\B| <2atT > 130 MeV. 140 160 180 200 220 240 260 280
T [MeV] -
Outlook:

Comparison of other resummation schemes Of Thermodynamic quantities for a
reliable estimation at finite chemical potential beyond
the estimated radius of convergence from Taylor series.
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Thermodynamics using Lattice QCD

Expansion of the QCD pressure:
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