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・QCD at finite temperature
- QCD at finite temperature contains fruitful phases and is important toward
further understanding of QCD: QGP formation, chiral restoration, etc.
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Fukushima-Hatsuda (2017)

1. Introduction

heavy-ion collisions
(at RHIC, LHC, etc.)
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lattice simulations

- Many investigations from heavy-ion collision experiments and numerical
lattice simulations, and so on
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・Compactification
- Finite temperature system is realized by compactifying imaginary time 
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- What happened when another spatial axis is also compactified?
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- Finite temperature system is realized by compactifying imaginary time 
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・Anisotropic system as a new QCD environment
- Lattice simulation is nothing but a finite-volume study 

- Simulation in anisotropic system is done by 
choosing boundary conditions and lattice size
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- Polyakov loops in pure YM theory in anisotropic system were simulated

lattice setup

- Pressure/energy in pure YM theory in anisotropic system were simulated

For example

Chernodub-Goy-Molochkov, PRD (2019) 

Kitazawa-Mogliacci-Kolbe-Horowitz, PRD (2019) 

- We explored phase structures of pure YM theory in anisotropic system
(            ) by means of an effective theory
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1. Introduction
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・Anisotropic system as a new QCD environment
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1. Introduction
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lattice simulations

new axis
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・Our approach

2. Model

- We employ model at finite T (             ) given in Ref.[1] for study on
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[1] Meisinger-Miller-Ogilvie, PRD65, 034009 (2002)  
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← Haar measure potential by
strong-coupling expansion

(→ Polyakov loop)
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・Our approach
- We employ model at finite T (             ) given in Ref.[1] for study on
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(→ Polyakov loop)

・Our approach
- We employ model at finite T (             ) given in Ref.[1] for study on
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- Our model on             is given by a straightforward extension of Ref.[1]
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- Two ”Polyakov loops” can be defined:                          ,
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- includes complicated “Matsubara summations     ”

・Techniques
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- Handled by Epstein-Hurwitz zeta function
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(l⌧ , lx 2 Z)

textbook: Elizalde, “Ten physical applications of spectral zeta functions” (LNPMGR, volume 35)

- Vacuum contributions including UV divergences are easily subtracted

- The very nonlinear sums are translated into sums with 
modified Bessel functions
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K⌫(x)

→ easy to be evaluated!

2. Model
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- When             , the model reduced to that in finite temperature 

・Results for
<latexit sha1_base64="YWfYMQontd/vkT8tAYFBft+xQ8g="></latexit>

Lx = 1
<latexit sha1_base64="YWfYMQontd/vkT8tAYFBft+xQ8g="></latexit>

Lx = 1
<latexit sha1_base64="RooC1nioVwYwngaFZUrYMY8gNm4="></latexit>

S1 ⇥ R3

- Find the stationary points of the free energy

- These results are consistent with analysis in Ref.[1]

3. Results

[1] Meisinger-Miller-Ogilvie, PRD65, 034009 (2002)  
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Tc is deconfinement temperature
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・Results for           in
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- 2nd order for all transitions
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・Results for           in
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- 2nd order for all transitions

<latexit sha1_base64="p5/VN/bwrHdc99aEjLX/zix0TSs="></latexit>

phase diagram for SU(2)

●●

2nd

2nd

2nd

2nd

Pτ = 0, Px = 0

Pτ ≠ 0
Px = 0

Pτ = 0
Px ≠ 0

Pτ ≠ 0, Px ≠ 0

0.5 1.0 1.5 2.0

0.5

1.0

1.5

2.0

LτTc
L x
T c

Phase diagram for SU(2)→ → → → → → → →

finite T system (             ) for 
<latexit sha1_base64="RooC1nioVwYwngaFZUrYMY8gNm4="></latexit>

S1 ⇥ R3

3. Results
<latexit sha1_base64="4Jkx5y/4RuGYC7ZnAefRIpY7wM0="></latexit>

Tc = 1/(0.873R)

<latexit sha1_base64="YWfYMQontd/vkT8tAYFBft+xQ8g="></latexit>

Lx = 1

<latexit sha1_base64="L/BCXPBbLI1sjU5hsZ97OcslmYk="></latexit>

LxTc

approaches
axis

approaches
axis

<latexit sha1_base64="v7eBhWu8YuPGVH42YSxIw8qhBAw="></latexit>

L⌧Tc



15/18

Suenaga-Kitazawa, in preparation

・Results for           in
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・Thermodynamic quantities

1.0 1.5 2.0 2.5
-3

-2

-1

0

1

LxT

P x
/T
4

- dependence of energy density        and pressures        ,          for<latexit sha1_base64="jLUbv7Rrtiv9T0Gt0xVIq0RELzo="></latexit>

Lx

<latexit sha1_base64="dWdXy0rHoiY9PY5ep/mopXJO39k="></latexit>

✏/T 4

1.0 1.5 2.0 2.5

1

2

3

4

5

LxT

P z
/T
4

1.0 1.5 2.0 2.5
2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

LxT

ϵ/
T4

<latexit sha1_base64="YQM48agkrSv9FX/9sjM63hD60uY="></latexit>

px/T
4

<latexit sha1_base64="gH0aEG0wH3Spp00ulvuIQyVtfN4="></latexit>

pz/T
4

Lattice: Kitazawa-Mogliacci-Kolbe
-Horowitz, PRD (2019) 

Results by fixing            in our model
<latexit sha1_base64="+Z5eygzYfTC732ctCKVMwFnHANo="></latexit>

Px = 0

3. Results

<latexit sha1_base64="RBRVnktl8ua06TzpCczNf9aNnCA="></latexit>

T = 2.10Tc

<latexit sha1_base64="R3FWhZSiWxBvzYvrcQl/WHNWEdk="></latexit>

SU(3)

<latexit sha1_base64="dWdXy0rHoiY9PY5ep/mopXJO39k="></latexit>

✏/T 4 <latexit sha1_base64="YQM48agkrSv9FX/9sjM63hD60uY="></latexit>

px/T
4

<latexit sha1_base64="gH0aEG0wH3Spp00ulvuIQyVtfN4="></latexit>

pz/T
4

Results with full analysis of our model



17/18

Suenaga-Kitazawa, in preparation

・Thermodynamic quantities
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Results by fixing            in our model
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Px = 0

- Importance of including two Polyakov loops           was shown
- Improving the model is needed for quantitative fit
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- We focused on pure YM theory on new 
environment of anisotropic system

- We need more study from both effective model and lattice QCD
Investigation of QCD in anistropic system is frontier
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lattice: Chernodub-Goy-Molochkov, PRD (2019)
Kitazawa-Mogliacci-Kolbe-Horowitz, PRD (2019) etc.

- Comparison with lattice results was qualitatively good but quantitatively
unsatisfactory
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join us!

4. Conclusions
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- We drew phase diagram on              symmetry
for                   by employing a model motivated
from Ref.[1]
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[1] Meisinger-Miller-Ogilvie, PRD65, 034009 (2002)  

- Importance of two Polyakov loops were confirmed
- Improving the model is necessary


