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Motivation

In non-central heavy ion-collisions droplets of QGP with angular momentum
∼ (103 − 105)ℏ might be produced.
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Gluodynamics motivation

The shift in pseudo-critial temperature of rotating QCD is dominated by the
influence of rotation on gluons.
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Gluodynamics in Minkowski space

t = tlab, r = rlab, z = zlab, φ = [φlab−Ωt]2π

gµν =


1− r2Ω2 Ωy −Ωx 0

Ωy −1 0 0
−Ωx 0 −1 0
0 0 0 −1


LG = − 1

4g2YM

gµµ
′
gνν

′
F a
µ′ν′F

a
µν
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Gluodynamics in Euclidean space

After Wick rotation (t = −iτ), action can be rewritten as follows:

LG = L0 − (iΩ)L1 −
Ω2

2
L2

L0 =
1

4g2YM

F a
µνF

a
µν ,

L1 =
1

g2YM

[
−yF a

xyF
a
yτ − yF a

xzF
a
zτ + xF a

yxF
a
xτ + xF a

yzF
a
zτ

]
L2 =

1

g2YM

[
r2(F a

xy)
2 + x2(F a

yz)
2 + y2(F a

xz)
2 − 2xyF a

xzF
a
yz

]
To avoid the sign problem (P ∝ exp(−SE)) for Monte-Carlo simulations, one can:

Either perform analytical continuation ΩI = −iΩ

Or calculate expansion coefficients at Ω = 0
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Boundary conditions
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Local thermalization approximation

For SU(3) gluodynamics the phase transition is of the first order.

ξ ≪ Lx, Ly, Lz

Then in the vicinity of the (x, y) = (x0, y0) point:

LG ≈ L(loc)
G ≡ L(loc)

0 − (iΩ)L(loc)
1 − Ω2

2
L(loc)
2 ,

where

L(loc)
0 =

1

4g2YM

F a
µνF

a
µν ,

L(loc)
1 =

1

g2YM

[
−y0F

a
xyF

a
yτ − y0F

a
xzF

a
zτ + x0F

a
yxF

a
xτ + x0F

a
yzF

a
zτ

]
,

L(loc)
2 =

1

g2YM

[
r20(F

a
xy)

2 + x20(F
a
yz)

2 + y20(F
a
xz)

2 − 2x0y0F
a
xzF

a
yz

]
.
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Angular momentum density

Ji, lab =
1

2
ϵijk

∫
d3x̄

(
x̄jT 0k

lab − x̄kT 0j
lab

)
Tµν
lab = − 1

g2YM

(
F̄ a
µαF̄

a,α
ν −

1

4
gµνF̄

a
αβF̄

a,αβ

)
Jlab ≡ Jz, lab = − 1

g2YM

∫
d3x̄

(
− x̄F̄ a

yxF̄
a
xt − x̄F̄ a

yzF̄
a
zt + ȳF̄ a

xyF̄
a
yt + ȳF̄ a

xzF̄
a
zt

)

F̄µν =
∂xα

∂x̄µ
∂xβ

∂x̄ν
Fαβ

J ≡ Jz =

∫
d3x (L1 + 2ΩL2)
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Angular momentum density

R = Ls/2 — characteristic size.

J = Ω · I = Ω · V R2
(
i2 + i4(ΩR)2 + i6(ΩR)4 + . . .

)
jI(T )

ΩIR2T 4
= − i2(T )

T 4
+

i4(T )

T 4
v2I + . . . (where vI = ΩIR)

j̃I(T )

ΩIr2T 4
= − ĩ2(T )

T 4
+

ĩ4(T )

T 4
u2I + . . . (where uI = ΩIr)

j(T,R,Ω) =
J

V
=

1

V

∫
V
d3x j̃(T, r,Ω)

in = ĩnαn

αn =
1

V Rn

∫
V
d3xrn
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Local thermalization
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Local thermalization
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Local thermalization
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Local thermalization
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Local thermalization
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Local thermalization
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Local thermalization



Introduction Gluodynamics under rotation Local thermalization Negative Barnett effect and Magnetic gluon condensate Conclusions

Local thermalization
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Magnetic gluon condensate

In previous works it was shown that one
can split i2 into the following parts:

i2 = imech
2 + imagn

2 ,

imech
2 =

1

T
(⟨J2⟩ − ⟨J⟩2) ≥ 0,

imagn
2 =

α

3
R2⟨(Gmagn)

2⟩.

Then magnetic gluon condensate Gmagn

is solely responsible for negative sign of
i2.
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Negative Barnett effect
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Negative Barnett effect at T < Tc
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Decomposition of i4

i4 = imech
4 + imix

4 + imagn
4

imech
4 =

T

6V R4

(
⟨S4

1⟩ − 3⟨S2
1⟩2

)
imix
4 =

T

V R4

(
2⟨S2

1⟩⟨S2⟩ − 2⟨S2S
2
1⟩
)

imagn
4 =

T

V R4

(
2⟨S2

2⟩ − 2⟨S2⟩2
)

f̃magn
4 = −2β2 ∂

〈
((Ha

x)
2 + (Ha

z )
2)
〉

∂β̃

∣∣∣∣∣
β̃=β

ζ =
1

9ω0

[
−
(
β(g)

4g

)2 ∂⟨(Ea
i )

2 + (Ha
i )

2⟩
∂β

+ 16|ϵv|

]
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Bulk viscosity
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Behaviour near Tc
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Summary

Local thermalization approximation holds for large enough volumes;

The moment of inertia seems to be negative at T < Tc. The negative Barnett
effect might occur;

The i4 coefficient seems to change sign at T ∼ 1.03(2) ∗ Tc and
T ∼ 1.70(12) ∗ Tc;

The imagn
4 is related to the magnetic part of the bulk viscosity.
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Summary

Thanks for attention!
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