
Ricardo L.S. Farias 
Physics Department 

Federal University of Santa Maria - Brazil

São Paulo, July, 
2025  

9th Conference on Chirality, Vorticity and Magnetic Fields in 
Quantum Matter

Chiral vortical catalysis 
constrained by LQCD 

simulations 



Outline

I. Chiral vortical catalysis constrained by LQCD 
simulations 

 
 

II. Chiral and Deconfinement Transitions in Spin-
Polarized Quark Matter



I.Chiral vortical catalysis constrained 
by LQCD simulations
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Motivation

Non-central HIC 

How does the intrinsic angular momentum of the QGP 
affect the structure of the QCD phase diagram?

These collisions create most vortical 
fluid observed to date!!



Massive fermions in rotation

<latexit sha1_base64="XwdFDwf/kTpgDaI8+ZY1oIa7+cQ="></latexit>

causality ! ⌦R < 1

To preserve the number of fermions inside the 
cylindrical cavity it is natural to impose on the 

fermion wave functions conditions at the 
boundary of the cylinder

M. N. Chernodub  and S. Gongyo, JHEP 01 (2017) 136
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Lattice QCD Results (vI)

V.V. Braguta, A. Kotov and A. Roenko,  PoS LATTICE2022 (2023) 190 

Imaginary vI



Lattice QCD Results

V.V. Braguta, A. Kotov and A. Roenko,  PoS LATTICE2022 (2023) 190 



This presents a puzzle regarding 
the QCD phase transition under 

rotation
 The resolution of this puzzle is still an open 

question 

 A rigorous QCD calculation is still necessary 

 Additional lattice data are welcome



SU(2) NJL model 
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Y. Nambu and G. Jona-Lasinio, Phys. Rev. 122, 345 (1961)

G,⇤ and mc m⇡, f⇡ and h ̄ i

good chiral physics, pions,… 
BUT no confinement

F =
(M �mc)2

4G
�Nc

X

f,s

Z
d4p

(2⇡)4
ln
⇥
p2 +M2

⇤

@F/@M = 0
And the gap equation: 1



Motivation

Lattice QCD Results -> gluon effects are very 
important!

How to mimic the gluon effects?

<latexit sha1_base64="EAqwOjSy/l2KReA5wHYHYGNdNx0="></latexit>

G ! G(!)

We use lattice data for             as input!
<latexit sha1_base64="VkB67x7ShK0g7rE+R06EsEWRFPM="></latexit>

TcX!

<latexit sha1_base64="ljkOT6QJmtX9g/lCThZpcSzidPs="></latexit>

G(!)



Numerical Results

R.M. Nunes , R.L. S. Farias, W. R. Tavares and V. S.Timóteo , PRD 111, 056026 (2025)

<latexit sha1_base64="weksBs6USoyxplAA4emFpQeqQZM="></latexit>

where G↵ = 4.97667 GeV�2, G� = 0.05840 GeV�2 and ⌦ = 0.02457 GeV.
r = 5 GeV�1, ⇤ = 651 MeV and m = 5.5 MeV

<latexit sha1_base64="wawEatYah+kIRZYrWi6+YoFc+uc="></latexit>
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Numerical Results
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Numerical Results
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Numerical Results
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Extrapolation to QCD Phase Diagram
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Extrapolation to QCD Phase Diagram

R.M. Nunes , R.L. S. Farias, W. R. Tavares and V. S.Timóteo , PRD 111, 056026 (2025)



Conclusion

The running coupling enhances the chiral 
condensate as a function of angular velocity, 

thereby strengthening chiral symmetry breaking — 

an effect known as  
 

chiral vortical catalysis

 Y. Jiang, Eur. Phys. J. C 82, 949 (2022) 
R.M. Nunes , R.L. S. Farias, W. R. Tavares and V. S.Timóteo , PRD 111, 056026 (2025)



II - Chiral and Deconfinement 
Transitions in Spin-Polarized Quark 

Matter





Motivation

 proton spin crisis 

 single spin asymmetry and transverse polarization of 
hyperons 

 muon anomalous magnetic dipole moment 

 the neutron electric dipole moment

In high-energy physics, numerous key measurements are closely 
connected to the concept of spin:

In HIC, numerous key measurements are closely connected to the 
concept of spin:

 chiral magnetic effect  

 spin polarization 

 chiral separation effect 

 …



Chiral and Deconfinement Transitions in 
Spin-Polarized Quark Matter



Quark spin potential
<latexit sha1_base64="6/uRNSDcdMCVyw0rYYj0M6wSXH0="></latexit>

The quark spin density can be introduced via a modification to the Dirac
Lagrangian:

�⌃ Lq = µ↵,µ⌫  S↵,µ⌫ ,

where the relativistic spin density matrix is defined by

S↵,µ⌫ =
1

2
{�↵,⌃µ⌫} , ⌃µ⌫ =

i

4
[�µ, �⌫ ] .

Assuming spin polarization along the z axis, we choose the background spin
field as

µ↵,µ⌫ =
µ⌃

2
�↵0 (�µ1�⌫2 � �⌫1�µ2) ,

which leads to a simplified Lagrangian:
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In the Dirac basis, the spin term becomes

�0⌃12 =
1

2
�3�5 = diag

�
+ 1

2 ,�
1
2 ,�

1
2 ,+

1
2

�
.

V. V. Braguta,  M. N. Chernodub and A. A. Roenko, PRD 111, 114508 (2025)



Quark spin potential

V. V. Braguta,  M. N. Chernodub and A. A. Roenko, PRD 111, 114508 (2025)
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The spin potential µ⌃ plays a role similar to a chemical potential, determin-
ing the energy cost to add a spin- 12 particle with spin up or down:

�E" = +
µ⌃

2
, �E# = �µ⌃

2
.

Therefore, µ⌃ = �E" � �E# quantifies the spin imbalance in the system and
serves as a thermodynamic parameter.

This spin potential is structurally analogous to the angular velocity ⌦ of a
rotating frame. In such a frame, the quark Lagrangian acquires an additional
term:

�⌦Lq = ⌦ 
⇥
i(�x@y + y@x) + �0⌃12

⇤
 ,

where the first term represents the orbital angular momentum and the second,
the spin-rotation coupling. If one sets ⌦ = µ⌃, the spin-polarization term
in rotation coincides with the static medium term, indicating a close analogy
between spin potential and rotational e↵ects.



Dirac Equation at finite spin potential

26

Dispersion Relation

<latexit sha1_base64="9OMi4XwvXrOnmiuoyvyj4foM+ts="></latexit>

where p2? = p21 + p22

<latexit sha1_base64="t7FGulfDBKJQh5J+zzq44oe/K64="></latexit>

(i�µ@µ �M + µ⌃

2 �3�5) = 0



EPNJL model
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The inclusion of the entanglement is given by the change on the coupling

G ! G(l, l̄) = G
⇥
1� ↵1ll̄ � ↵2(l

3 + l̄3)
⇤

where ↵1 = ↵2 = 0.2.



EPNJL model
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the following definitions
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F s
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Minimizing thermodynamic potential, V (M, l, l†, T, µ) with respect to M, l,
and l†, we obtain the three Gap equations :
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Numerical Results
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Numerical Results
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Numerical Results
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LQCD Results

V. V. Braguta,  M. N. Chernodub and A. A. Roenko, PRD 111, 114508 (2025)



LQCD Results
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In EPNJL L ⇡ 0.028 and  ⇡ 0.030

V. V. Braguta,  M. N. Chernodub and A. A. Roenko, PRD 111, 114508 (2025)
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Phase Diagram - Chiral transition
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 A cylindrical metric is not required 

 Not constrained by slow-rotation considerations 

 No worries about boundary conditions 

 Causality violation is not a concern within this framework

Working with spin potential:

37



 The finite spin density is introduced by the quark spin potential in the 
canonical formulation of the spin operator.  

 LQCD and EPNJL model show that both chiral and deconfinement 
temperatures are decreasing functions of the spin potential. 

 The phase diagram from EPNJL present a CEP at (0.472 GeV, 0.09 
GeV)

Conclusions

38



PQMM  + T + 
  

Meson masses at finite spin potential 

Inclusion of baryonic density:  

Perspectives

39
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T ⇥ µB ⇥ µ⌃

Effects in QCD phase diagram

<latexit sha1_base64="OZEVnyISCs4jVG9M0tM7RGWp04I="></latexit>µ⌃

Renormalization!



 Thank you for your attention!


