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Conjectured QCD phase diagram
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Phase diagram unknown at large
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Lattice QCD pseudo-critical transition

R. Bellwiede, et al., Phys. Lett. B 751, 559-564 (2015).
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Summary of recent results for the CEP location

Reference TCEP (MeV) µCEP
B (MeV)

C. Shi et al., PRD 93, 036006 (2016) 0.85Tc 1.11Tc

G.A. Contrera et al., EPJA 52, 231 (2016) 69.9 319.9

S. Sharma, NPA 967, 728 (2017) 145-155 > 2 TCEP

J. Knaute et al., PLB 778, 419-425 (2018) 112 204

N.G. Antoniou et al., PRD 97, 034015 (2018) 119-162 85-86

Z.F. Cui et al., Sci. Rep. 7, 45937 (2017) 38 345

P. Kovács & G. Wolf, ACP-S 10, 1107 (2017) > 133.3

R. Rougemont et al., PRD 96, 014032 (2017) < 130 > 133

A. Ayala et al., RMF 64, 392 (2018) 18-45 315-349

4



QCD phase diagram NICA
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NICA-MPD

6



Why HIC at NICA?

David Blaschke, 3rd Collab. Meeting of BM@N and MPD, 17.04.2019

7



NICA-MPD physics
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Nuclotron Ion Collider fAcility (NICA)
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Civil construction as of September 2020
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MPD milestones

11



Why HIC at MPD-NICA with MexNICA?

Early MPD involvement allowed for open proposals in

missing/complementary coverage: level-0 trigger and

beam-monitor by the MexNICA collaboration

→ Multidisciplinary group: exp/theory HEP + engineers

→ Design, construct and operation of the proposed

detectors in MPD

→ Data taking and analysis during MPD operation

→ HEP students+postdocs in new arenas
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Hardware: miniBeBe
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Hardware: BeBe
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Hardware: BeBe
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Λ/Λ̄ global polarization
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Au + Au 20-50% Λ and Λ

polarization from core-corona model

bands: Λ and Λ formation time in

QGP range 1.5 fm < t < 4.5 fm

vs

data STAR-BES Nature 548 (2017).

A.A. et al., Phys. Lett. B 810,

135818 (2020).
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Λ and Λ̄: MC generation and reconstruction

α =
p+L − p−L
p+L + p−L

Even with cuts the background is

difficult to visualize Λ̄ → we use MC

association

We use:

• α > 0 for Λ

• α < 0 for Λ̄
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Direct photons: prompt + thermal + non-cocktail
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Direct photon puzzle

C. Shen, Nucl.Phys. A956 (2016)

high-pT photons from hard scattering described NLO pQCD

+

low-pT photons from thermal emission of the QGP + hadronic phase
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Magnetic fields in HICs

V. Skokov, A.Yu. Illarionov (Trento U.), V. Toneev, Int.J.Mod.Phys. A24 (2009).
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Gluon fusion + splitting + strong magnetic field
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Gluon fusion/splitting + strong magnetic field - v2

v2 as a weighted average accounting for magnetic + direct photons
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]
i
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dNdirect

dωq
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UrQMD magnetic field strength as a function of time NICA
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Magnetized phase diagram
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Effective QCD model: Linear sigma model with quarks

• Linear sigma model with quarks

L =
1

2
(∂µσ)2 +

1

2
(∂µ~π)2+

a2

2
(σ2 + ~π2)− λ

4
(σ2 + ~π2)2

+ iψ̄γµ∂µψ − g ψ̄(σ + iγ5~τ · ~π)ψ,

σ → σ + v ,

m2
σ =

3

4
λv2 − a2,

m2
π =

1

4
λv2 − a2

mf = gv

v0 =

√
a2

λ
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Schwinger proper-time effective potential
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Magnetic field corrected vertices
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Magnetized phase diagram
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A. A., C. Dominguez, L. A. Hernández, M. Loewe, R. Zamora,

Phys. Rev. D 92, 096011 (2015)
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Fluctuations of conserved charges
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Final remarks

• The study of strongly interacting matter under extreme

conditions (Temperature, Baryon Density, Magnetic

Fields) is a very active area of research in fundamental

physics.

• Field driven by interplay between theory and

experiment.

• NICA-MPD promises to provide an excellent tool to

explore these properties of strongly interactin matter in

laboratory conditions.

• MexNICA group actively involved many challenges and

opportunities.
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¡GRACIAS!
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