An Augmented QCD Phase Portrait: Mapping

Quark-Hadron Deconfinement for Hot, Dense, Rotating
Matter under Magnetic Field

Overview: QCD, deconfinement, QGP, hadron gas Phase diagram to be augmented
» QCD matter created in ultrarelativistic heavy-ion collisions at » Hot [T], Dense [up]
RHIC, LHC, FAIR, NICA, etc., may sustain extreme vorticity » Vorticity [0 ], Magnetic field [eB]
and magnetic fields for non-central collisions » Magnetic field, eB ~ 6m2 ~ 0.12 GeV?
» Deconfinement temperature (T¢) expected to be affected » Angular velocity, o ~ 0.1 fm™' ~ 0.02 GeV

Statistical Hadronization or HRG model @ Augmented QCD Phase Diagram [T-pup-w-eB]

» Framework of statistical hadronization or
hadron resonance model (HRG) model

» Employed to decode phase structure (T vs. up)

» HRG model modified below as an ideal gas of all
hadrons and resonances in a cylindrical volume
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» Fast spinning fireball embedded in external o1s s
magnetic fields, idealized by our model, obeys . -
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» Landau quantization and causality bound: eB(GeV?)| |jorz eB(GeV?)
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1/4/|0B|] < R < 1/w, R=system radius, Q=charge

» Free energy density for charged baryons and
mesons is then (for a strong enough eB) given by
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Ibc/m S fdpz Z Z Z In(1 + e_(g""'_Qf“’(IJrsz)_”f)/T) Figure: Top: [3-D plots] Deconfinement transition surfaces showing Te(up, ©)
R for eB = 0 (upper surface) and eB = 0.15 GeV? (lower surface).

Bottom: [4-D plots] Fully augmented phase space showing Tc(up, , eB) as a

) ) color-coded density plot with Tc-calibrated legend.

» Corresponding expression for neutral baryons (b) Left plots are obtained from s/T° = 5.5. Right plots are obtained from the minima
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and mesons (m) is, with only rotation acting, of 2. Results may be interpreted as thermo, baryo, anemo, magneto- meter tool.
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» Entropy density, s = —==, rises sharply with T, iy — e: 2122‘*52“’ ggngJ 0.05F---- [ eB=01i5Gev2} * (6080)%
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» A dip in the squared speed of sound, T (GeV) M
P

Cs2 = a_é) = a’}]/[aT] also SIgnals deconfinement Figure: Left: ¢ vs. T, mimima magnified in the inset. Right: 2-D phase diagrams,

> s/ T3 and CE are used to deduce the onset of T vs. ug for eB = 0 (red) and eB = 0.15 GeV? (blue) and (a) for w = 0 GeV and (b)

for @ = 0.02 GeV. The bands are constrained by s/T° = 4 (lower edge) and 7

SEEEaiemEnt and mrap due QIUD [plirsss (upper edge) , and the dashed curves are obtained from the minima of c? vs. T.

» Both methods yield consistent results

Conclusion

» Tc strongly lowered, drop most pronounced when all 3 quasi-control (via beam energy/centrality) parameters are
simultaneously tuned to finite values typically achievable in present/upcoming colliders like RHIC, LHC, FAIR, etc.
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