CHIRAL CONDENSATE WITH THE EFFECT
OF ROTATION AND ACCELERATION

——PHASE DIAGRAM, FUNCTIONAL RENORMALIZATION GROUP APPROACH, NJL MODEL

arXiv:2306.08362

Speaker: Zhi-Bin Zhu

Collaborator: Hao-Lei Chen, Xu-Guang Huang

Acknowledgement: thanks Kenji Fukushima for fruitful discussions in the early stages



OUTLINE

= QCD PHASE TRANSITION

= FUNCTIONAL RENORMALAZATION APPROACH

= QUARK-MESON MODEL AND FRG FLOW EQUATION

= NUMERICAL RESULTS FROM THE FRG FLOW EQUATION

= THE EFFECT OF ACCELERATION

= OUTLOOK




OCD PHASE TRANSITION
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OCD PHASE TRANSITION
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OCD PHASE TRANSITION
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= Imaginary angular velocity suppress the pseudocritical temperature, if performs the analytical to real rotation which will mean

T increasing with real angular velocity (Lattice QCD)

= Real angular velocity suppress the pseudocritical temperature(NJL model)
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FUNCTIONAL RENORMALIZATION GROUP APPROACH

Functional integral with an IR regulator
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ROTATING FRAME

The QM model Lagrangian in Euclidean spacetime with rotation:
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ROTATING FRAME

The QM model Lagrangian in Euclidean spacetime with rotation:
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QUARK-MESON MODEL AND FRG FLOW EQUATION

Regulator for mesons: Flow equation for mesons:
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NUMERICAL RESULTS FROM THE FRG FLOW EQUATION
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FIG. 1. The quark mass m, as a function of Q and T at r = 0.9R in QM model. FIG. 2. The pesudo-critical temperature Tc as a function of Q at r = 0.9R
from fRG and MFA in QM model.
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. ege eqs _ 2 4 = Using the grid method
= initial condition: Up = 3 ¢“ + 2 ¢ —co grieg
my — 0.794/A = Rotation effect almost invisible in low temperature
= Parameters chosen as: /'{A =2

C = 0.00175 A—3 = Rotation effect suppress the chiral condensate @



NUMERICAL RESULTS FROM THE FRG FLOW EQUATION
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FIG. 1. The quark mass m,, as a function of Q and T at r = 0.9R in QM model.
= Using the grid method
= Rotation effect almost invisible in low temperature

= Rotation effect suppress the chiral condensate
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FIG. 2. The pesudo-critical temperature Tc as a function of Q at r=0.9R
from fRG and MFA in QM model.

= T. defined in where chiral susceptibility reach

maximum

= T. decreases with increasing rotation ()
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NUMERICAL RESULTS FROM THE FRG FLOW EQUATION
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FIG. 3. Meson masses and quark mass as functionsof Q at T=120
MeV from QM model FRG.

= m, and m, have a tendency become degenerate

= rotational effect is milder in our FRG calculation compared to the mean-field approximation
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NUMERICAL RESULTS FROM THE FRG FLOW EQUATION
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= Fig 6 choose the parameters:
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10,
c=0. = The CEP shifting into low T and u with increasing angular velocity
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NUMERICAL RESULTS FROM THE FRG FLOW EQUATION
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FIG. 7. The quark mass as a function of the square of the
rotating angular velocity at T = 160 MeV and r = 0.9R from
fRG calculation

= Quark mass is a smooth function of Q? which provide a condition for analytic continuation

= The behavior with increasing imaginary angular velocity is contrary
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NJL MODEL UNDER ROTATION AND ACCELERATION
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NJL model action in rotation and acceleration frame:
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RESULT FROM GAP EQUATION
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FIG. 9. chiral condensate as a function of FIG. 10. Critical acceleration a, as a function of

acceleration obtained form gap equation angular velocity w

= Acceleration suppress the chiral condensate at large value

= Critical acceleration suppressed with increasing angular velocity
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SUMMARY AND QUTLOOK

= Calculate the chiral condensate using FRG approach under rotating QM model

= Rotation will suppress chiral condensate at non-zero temperature which agree with the
NJL model calculation

= Work out chiral condensate as function of acceleration

= Outlook:
= Consider the contribution from gluon
= Studying the effect by using rotation PNJL model

= Calculate some current in rotation and acceleration frame
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