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Premise

Phase diagram of QCD has a very rich structure, still awaiting unambiguougs confirmation

The “transition region” of QCD

» Transition between confined, hadronic
and deconfined, partonic matter

« Accessible to heavy-ion collisions (HIC)
— Beam Energy Scan

* Scene of (pseudo)-critical and critical

phenomena

% Many phenomenological consequences!
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I studied this region under several aspects and with different methods
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Among the questions I tackled in my thesis
7#1 What are the effective degrees of freedom in proximity of the transition?
7#2 What happens at freeze-out in HICs? Is the freeze-out temperature unique?

73 If the crossover transition become first order at larger up — i.e., there is a critical
point (CP) — what is its effect on the equation of state (EoS)?

#4 And on observable quantities — e.g., baryon number fluctuations?
#5 What is the effect of additional conserved charges (BQS) on the equation of state?
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#1 Hadronic spectrum: QCD partial pressures

To determine optimal hadronic spectrum, consider both known and predicted states

Predicted states largely outnumber Decomposition in partial pressures:
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#1 Hadronic spectrum: QCD partial pressures

Compare partial pressures from lattice QCD and
HRG for the different lists
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e PDG established states seems to be
insufficient

e Predicted states seem to be too many

Family by family, the analysis tells us where
hadronic states might be missing
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Conclusion: the optimal list is given by PDG
states, including not-well-established ones

— PDG2016+4 list
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#2 Freeze-out temperature: strange vs light

e [ analyzed STAR BES results on net-kaon fluctuations to extract freee-out parameters

e Compared with previous results from net-proton and net-charge fluctuations

5= STAR thermal fits (17,p,K)

120 STAR thermal fits (71,p,K,A,Z,Q,¢,Ks")
O X1K/x2K (this work)

o X171 x2P and x19/ x2© (Alba et al.)
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Conclusion: A clear separation in the freeze-out temperature is seen!
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#3 EoS with a critical point - I

The ingredients

#1 Current knowledge of EoS at finite ug from

lattice QCD:
_ Z e (T <7> 2n

#2 Expected critical behavior: 3D Ising model

Pocep(T, puB)

universality class

The goal

Build an EoS matching lattice QCD and
containing the correct critical behavior

The strategy

I.

II1.

III.

IV.

PP

Implement scaling behavior of 3D
Ising model

Map 3D Ising model onto QCD

Enforce critical EoS matching to
lattice QCD

Reconstruct full thermodynamics
=) Es

et al., PRC 101 (2020), 034901
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#3 EoS with a critical point - II

I. Scaling EoS in 3D Ising
Parametrize Ising variables (7, h)

M = M, R"9
h = ho R?’h(0)
r=R(1—06%

II. Ising-to-QCD mapping

T—-T
.= =w (rpsina; + h sinas)
Tc
LE T =w (—rpcosai —h cosas)
Tc
h T

ITII. Matching with lattice QCD
Matching to lattice QCD at the level of baryon
fluctuations:

| T4CEAT(T) = T4 (T) + TE(T) |

IV. Reconstruct thermodynamics

| P(T,1u5) =T* X, M) (4)" + TEP™ (T, 1) |
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The code is public! 7/10


https://bitbucket.org/bestcollaboration/

#4 EoS with a critical point - Kurtosis of B

AT =1 MeV
a=-5.4°

1500

Refined earlier predictions for x¥(y/s) by
including sub-leading divergences at the CP
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The leading contribution is suppressed

except in parametrically narrow window
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Conclusion: a dip in xF(y/s) is not an unambiguous signature of critical point Ee




#5 EoS with three conserved charges (BQY5)

I produced a full 4D EoS depending on

(T, uB, pq, ps), using recent lattice QCD results Isentropes show strong sensitivity:
for ijiQ up to order O(u):
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Studied the strangeness neutral case
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The EoS is available in wide range

of T, [i, and being implemented in hydro
studies
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http://nsmn1.uh.edu/cratti/EoS_BQS.html

#1 The hadronic list (PDG206+) including all PDG states is the best compromise
Alba, PP et al., PRD 96 (2017), 034517

#2 Sensible difference in freeze-out temperature between strange (net-kaon) and light
(net-proton/net-charge) fluctuation analyses Bellwied, PP et al., PRC 99 (2019), 034912

#3 1 produced a family of EoS which match lattice QCD and include 3D Ising-like critical
point PP et al., PRC 101 (2020), 034901

#4 The effect of a critical point on net-B cumulants depends on mapping. A dip in the
kurtosis is not a unique feature! Mroczek, PP et al., 2008.04022 [nucl-th]

#5 1 produced a 4-dimensional EoS for QCD including all conserved charges
Noronha-Hostler, PP et al., PRC 100 (2019), 064910

10/10



