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QCD Phase structure
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The conjectured QCD phase diagram. | | Strong coupling non-perturbative approaches are
CEP would directly determine the required to study the phase transition region, and
QCD phase structure.  holographic QCD is applicable.
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Rotation in heavy ion collisions
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Holographic renormalization

Einstein-Maxwell-Dilaton action
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dilaton with conformal dim 3. Metric take the following form

ds® = —e ") f(r)dt? + dr? + r’di?

1
f(r)
Assume dilaton only depend on holographic direction and the gauge field
fixed as

¢ = ¢(r), and A,dx" = Ai(r)dt,
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Holographic renormalization ZL, Wang, arXiv: 2507.09113
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Pseudo-Lorentz boost method
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Pseudo-Lorentz boost method
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I Rotation—magnetic correspondence

Nonrelativistic Lagrangian for charged particle g, mass m: Lagrangian in rotating frame

Lgy =T -V = jmv® — q¢ + gAen

Charged particle in electromagnetic
field

Electric force: F = qFE

Magnetic Lorentz force: F'p = qv x B
Electric field: E = — V¢

Scalar potential: ¢

Magnetic field: B = V x A4,

Vector potential: A,,,

o

Lniii= %mf-‘z +mi - (R x7)+ sm(Q x )2

Particle in uniformly rotating frame

Centrifugal inertial force: F'.f = mf2 x (£2 x r)
Coriolis force: F¢,r = 2muv’ x 2

Effective electric field: By = 2V (—3(02 x r)?)
Effective scalar potential: gogr = — - 3(02 x r)?
Effective magnetic field: By = ™ - 262

q

Effective vector potential: A = 7:(£2 x 7)

Lagrangian for charged particle in electromagnetic field
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The motion of a charged
particle in electromagnetic
fields and particle motion
in a rotating frame share
mathematical isomorphism.
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Rotation—magnetic correspondence

Fluid dynamics
(atmosphere, ocean,

Larmor’s theorem rotating fluids)

~

rotation—magnetic
correspondence

— T~

Guiding-center in
Plasma physics

Ultracold atoms and
condensed matter
quantum simulation

Rotating
astrophysical disks

14



Rotation—magnetic correspondence
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Rotatlon—magnetlc correspondence
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Rotation—magnetic correspondence
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Negative Barnett effect Barnett effect

Chromomagnetic-induced inertia inversion (CII) mechanism

* Real (imaginary) rotation increases (reduces) the chromomagnetic string tension, thereby
raising (lowering) the phase transition temperature.

* At the phase transition, the chromomagnetic string tension drops sharply, triggering a
rapid fall of the moment of inertia that may turn negative, giving rise to the negative
Barnett effect.

* At high temperatures, the chromomagnetic string tension is restored, the moment of

inertia returns to positive values, and the conventional Barnett effect emerges.
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Combined analysis

Drop of the Recovery of the
Chromomagnetic Chromomagnetic
String Tension String Tension
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Chromomagnetic-induced inertia inversion (CII) mechanism

* Qutside the critical regime, rotation enhances the chromomagnetic string tension.

* Rotation increases (reduces) the chromomagnetic string tension slichtly above TIc,
thereby raising (lowering) the phase transition temperature.

* At the phase transition, the chromomagnetic string tension drops sharply, (riggering a
rapid fall of the moment of inertia that may turn negative, giving rise to the negative
Barnett effect.

* At high temperatures, the chromomagnetic string tension is restored, the moment of
inertia returns to positive values, and the conventional Barnett effect emerges.
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Combined analysis
o » ——

. I

Pi—FL=

Iorbital — 22

1
2K

b

90

1 mQZ(O) Ispin =

; 4,
m2Q°Z(0) + H | = QJiotal

44,

2."{% g(;,ﬂ?

Though arising from

- |. —. _————————————— ]} . = =
ok — =™ . [*" % R? __a - kinematics, the rotation-
— v=0.14 — - 2t il i -

5P — w0 et w1t | magnetic field correspondence
g, N g - | naturally induces dynamical
.-_:-::- |~=II'J.‘:_-‘ 7 — =00 . ~ / 4 .
- 3 , .,2“.?!‘ _Il_.r.f.?" S —Y 1) = | ; : I'ESHOI]SES.

2k 18 o =004 -2 o Ne=6 ]

14 4 ow=021 : w : “'"":

t vy=0.28 it gl 2 PO ay2
ok ) T . : . — . ! | I == T B
0.20 025 030 035 040 045 050 055 — 1 I5 30 35 30 35 magn  a /; 1 «( ) »T

T [GeV)

Only kinematic contributions are included in the pseudo-Lorentz rotation method?
A possible clue: all physical quantities scale with multiples of the Lorentz factor: V1 — w?l?.

20



Combined analysis
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When we consider rotating QCD matter, we must account for its intrinsic dynamical

response to rotation, particularly the dynamical response of its chromomagnetic sector.

Conclusions from universal field theory or generic effective models may therefore be

incomplete.




I Combined analysis
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Conclusion & questions

1.

i

IL.

I1I.

Pseudo-Lorentz boost method yield a decreasing phase transition temperature with
growing angular velocity, in contradiction to lattice QCD predictions.

The rotation-magnetic correspondence approach yields rotation responses consistent with
lattice QCD and motivates the CII mechanism.

The sign of the change in moment of inertia across the phase transition governs whether
the transition temperature increases or decreases.

The dynamical contribution to the moment of inertia may be closely related to the
nonperturbative chromomagnetic sector.

Can experiments tell whether the phase transition temperature increases or decreases
with rotation?

How does the nonperturbative dynamics of QCD matter affect rotational response?
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Thanks for your attention!



