s mEnsiETIEmIS
Strong Electromagnetic Fields, UPC and EIC/EicC

Color deconfinement in an
inhomogeneous gluon system
under rotation

Yin Jiang

Beihang University




QOutline

O Introduction

O Dyon and deconfinement

O Yang-Mills equation under rotation

O Position-dependent critical temperature

O Conclusion and outlook




Rotation and PC

Temperature T [MeV]
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Dyons ensemble and moduli space

O

SU(2) BPS dyon is a good solution at finite temperature
because 1) nonzero asymptotic behavior (52->52); 2)
periodic along imaginary time axis.

Two kinds of dyons, namely M and L dyon and their anti-

dyon, Mbar and Lbar.
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The center of dyon is a completely free parametenr = |¥ — C]

p is a key parameter characterizing the size of the dyon
and serves as an equivalent order parameter because

Tr(L) = 2cos(Bp/2)

Dyon carries nonzero color magnetic and electric charge.

Not good enough.




Dyons ensemble, moduli space and confinement

O To construct a color neutral vacuum, one can use arbitrary
numbers of LM and LbarMbar pairs OR in the sense of
dyon ensemble average the same number of L and M
dyons.

O To compute the partition function of the dyon ensemble,
the integration should take all the dyons at different
positions into account.
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O The free parameters, such as the center position, span the
so-called moduli space. Complicated to complete the full
integration.




Yang-Mills equation under rotation

O Yang-Mills field under rotation
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» Yang-Mills equation at finite temperature
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Solution at the rotation axis

O Starting from a given solution in static case, to find the
solution as

ATot — gstatic A(l)(w) + A(Z)(wz) + ..

O If only consider the dyon near the rotation axis, i.e.

setting the dyon center is zero, the only nonzero term is

AL =F, %a

O Solution is strict. Computing the partition function and
minimizing effective potential gives the deconfinement

temperature.
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Solution of f the axis

O

We try to find the rotation correction to the dyon solution
whose center position is off the rotation axis

ATOt — Astatico-z — ¥ — 5) +A(1)(a)) _|_A(2)(w2) 4.

In order to use the good formalism of the dyon solution,
we shift the coordinates as
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The derivative is unchanged, but the velocity is shifted by
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The new equations are
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Solution of f the axis

O The solution to second order is S2(broken)-> S2
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Effective potential

O Notice the nonzero asymptotic behavior of 4,
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Critical temperature

O Minimizing the total effective potential at different dyon

centers gives the position dependence of the critical

temperature
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What does lattice suggest

O

Imaginary rotation produces the deconfinement phase
outside of the rotation axis while the region near the axis
stays in the confinement phase. The deconfinement region
approaches the rotation axis with the increase of

imaginary rotation velocity.
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New mixed inhomogeneous phase in vortical gluon plasma: first-principle results from rotating
SU(3) lattice gauge theory by V. V. Braguta, M. N. Chernodub and A. A. Roenko
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Conclusions and Outlooks

To the second order of angular velocity the modified SU(2) Yang-
Mills equation has been solved. The off-center rotating dyon

solution has been obtained.

Using the dyon ensemble model the deconfinement transition is
studied. The position-dependent critical temperature is extracted by

minimizing the effective potential.

It is observed that the outer part is deconfined faster in the
imaginary rotation case while harder in the real case. This agrees

with the recent lattice study.

» Our results indicates the Polyakov loop depends on the spatial

direction.
» SU(3) case is more interesting theoretically.

» Quark’s contribution may be different from the gluon’s.
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Thank you for your attention!
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