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lI. Chiral dynamics under rotation

Xinyang Wang, Minghua Wei, Zhibing Li, M.H.
Phys.Rev.D 99 (2019) 1, 016018, e-Print: 1808.01931

Minghua Wel, Ying Jiang, M.H. to appear



Chial dynamics under rotation from NJL model
Yin Jiang, Jinfeng Liao PRL2015
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Angular velocity is like the chemical potential,

1st order phase transition in two corners!
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Scalar meson masses as functions of angular velocity
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(c) scalar meson mass as a function of angular
velocity at p = 200MeV

Minghua Wei, Ying Jiang,
M.H. to appear

(d) scalar meson mass as a function of angular
velocity at p = 300MeV
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The effect of rotation on the scalar
meson mass is similar to that of
chemical potential



Vector meson masses as functions of angular velocity
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Zeeman splitting effect for
different spin component!
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Vector meson masses as functions of angular velocity
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The effect of rotation on spin component of vector meson is similar to that of the
magnetic field on charged vector mesons !



Enhancement of thermodynamical

properties under rotation
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lll. Gluodynamics under rotation

Xun Chen, Lin Zhang, Danning Li,
Defu Hou, M.H. arXiv: 2010.14478
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Gluons are spin-1 particles, should be
more sensitive to rotation!

No good 4D effective theory for
gluodynamics, we use dynamical
holographic QCD model!
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Holographic Duality: Gravity/QFT

AdS/CFT :Original discovery of duality

Supersymmetry and conformality are required for AAS/CFT.

J. M. Maldacena, Adv. Theor. Math. Phys. 2, 231 (1998)

Holographic Duality: (d+1)-Gravity/ (d)-QFT
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Holographic Duality & RG flow

Coarse graining spins on a lattice: Kadanoff and Wilson

H = E Ji(iﬂ)oi(:r) J(x): coupling constant or source for the operator
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Dynamical holographic QCD ! Graviton-dilaton-scalar system

QFT on lattice equivalentto GR problem from Gravity
RG or energy scale an extra spatial dimension

promote
Coupling constant dynamical filed
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Dynamical holographic QCD Graviton-dilaton-scalar system

D.N. Li, M.H., JHEP2013, arXiv:1303.6929

Gluonic background: Graviton-dilaton coupling
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Flavor background: Action for light hadrons (KKSS model)

5D linear sigma model

Sy = _/d% gee *Tr(IDX]? + Vx (XX, ®) + %(FE + FR))
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Full Dynamics: S:SG—I—SM

Interplay between gluodynamics and quark dynamics!!!
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Dynamical holographic QCD  Graviton-dilaton-scalar system

Gluodynamics Quark dynamics
Dilaton Flavor
DhQCD
QC background background

SS5:D4-D8  Dp brane: D4, D3  Dq brane: D8, D7
D3-D7

PNJL Polyakov-loop NJL model
potential

Interplay between gluodynamics and quark dynamics!!!
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Comparing with the Witten-Sakai-Sugimoto model
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4.8 open strings give chiral (from D8) and anti-chiral (from anti-DS)
fermions in the fundamental representation.
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Comparing with the Polyakov-loop NJL model

Quark dynamics:
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Quarkyonic phase in quenched DhQCD
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4D effective theory mainly investigate chiral
phase transition, HQCD can handle gluodynamics

Einstein-Maxwell-Dilaton system
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w is a dimensionless angular velocity parameter ranging from 0 to 1

Xun Chen, Lin Zhang, Danning Li,
Defu Hou, M.H. arXiv: 2010.14478
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Fit parameters from lattice QCD results for pure
gluon system and 2-flavor system
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Enhancement of thermodynamical properties under rotation
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Deconfinement phase transition under rotation
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Heavy quark potential, spatial Wilson loop and
Polyakov-loop under rotation

Xun Chen, Lin Zhang, Danning Li,
Defu Hou, M.H. arXiv: 2010.14478
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Heavy quark potential, spatial Wilson loop and
Polyakov-loop under rotation
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Figure 9. (a)ln pure gluon system, the expectation value of a single Polyakov loop as a function
of T at pu = 0.15GeV for different angular velocities of w = 0(solid black line), w = 0.6(dashed blue
line) and w = 0.65(dot-dashed red line). (b) An enlarged view of (a).The unit for T,y is in GeV.
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Figure 10. (a) In two-flavor system, the expectation value of a single Polyakov loop as a function
of T at u = 0.15GeV for different angular velocities of w = 0(solid black line), w = 0.6(dashed blue

line) and w = 0.65(dot-dashed red line). (b) An enlarged S{x&oﬁ{ ﬁeéllﬁt’fotli’ﬁ. i?}hGé\h g , Dan n | n g Ll ’
Defu Hou, M.H. arXiv: 2010.144*8



IV. Summary

We investigated the effect of rotaion on chiral dynamics in the NJL
model and gluodynamics in hQCD,

1, rotation plays the similar role as the chemical potential on
thermodynamical properties, and scalar mesons, while affect

vector mesons sensitively.
2, QCD phase structure under rotation

deconfinement phase transition & chiral phase transition

Outlook

1, inhomogeneous structure (vortex structure) under study
2, How to connect meson spectra of vector meson with the spin

polarization observables?(in progress)
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Thanks for your attention!
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