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Suenaga-Kitazawa, in preparation

・QCD at extreme conditions
- Extreme conditions such as temperature and density are useful toward
better understandings of QCD

- Quark deconfinement, quark-gluon plasma, inhomogeneous chiral 
broken phase, chiral restoration, color superconductivity, etc.

- For instance, rich phase diagrams can be drawn
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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 straightforwardly
done by imposing certain boundary conditions
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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
with an effective theory
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・Strategy
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・Model at finite temperature
- Approaches for pure YM theory at finite temperature

- Massive quasiparticle models
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review: Fukushima-Skokov (2017)
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- In this talk, we employ a Polyakov loop model of Ref.[1] which is simple
and intuitively understandable for study on
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- The model for pure YM of Ref.[1] is defined by

・Model at finite temperature
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- Our model in              is defined by

・Model in anisotropic system
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- includes complicated “Matsubara summations     ”

・Techniques

<latexit sha1_base64="PnVW+uGu75owTpsFs2Y8ZsJ7n68="></latexit>

Fpert =
2

L⌧Lx

NcX

j,k=1

✓
1� �jk

Nc

◆ X

l⌧ ,lx

Z
d2pL
(2⇡)2

ln

"✓
!⌧ � (�✓⌧ )jk

L⌧

◆2

+

✓
!x +

(�✓x)jk
Lx

◆2

+ p2
L

#

<latexit sha1_base64="HzZ5yYhFxygp7GRHKGr3EZgo7Zc="></latexit>X

l⌧ ,lx

- Handled by Epstein-Hurwitz zeta function

<latexit sha1_base64="44a2SPo6NLKx/U6WfBzTUsY6pbQ="></latexit>

!x = (2⇡lx)/Lx

<latexit sha1_base64="VOOnW/DJ1fx7aWs6lM4JgXdlEVw="></latexit>

Fpert

<latexit sha1_base64="2TRs3IYYivjBqpdZJIcUKOiEwt8="></latexit>

!⌧ = (2⇡l⌧ )/L⌧with ,
<latexit sha1_base64="mZIKB+1rRAJFme8lIGOg9CU7oF0="></latexit>

(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

<latexit sha1_base64="9mVQfXjOOULzDQ1Kly+dx3TbYKQ="></latexit>

K⌫(x)

→ easy to be evaluated!

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

・Results for

← 2nd order
(at Lτ Tc = 1)Px
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0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
0.0

0.2

0.4

0.6

0.8

1.0

LτTc

P
ol
ya
ko
v
lo
op
s

← 1st order
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<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

<latexit sha1_base64="4Jkx5y/4RuGYC7ZnAefRIpY7wM0="></latexit>

Tc = 1/(0.873R)
<latexit sha1_base64="s27drn+pCa3eGDqszCXhUftPjV0="></latexit>

SU(2) :

- Find the stationary points of the free energy
<latexit sha1_base64="LXuwGqJWu9QE0PKszyKJwUgcEkY="></latexit>

SU(3) :
<latexit sha1_base64="Hl8RBfRv2dBDyyXPfAXko84SvXI="></latexit>

Tc = 1/(0.733R)

- These results are consistent with analysis in Ref.[1]
[1] Meisinger-Miller-Ogilvie, PRD65, 034009 (2002)  

3. Results
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・Results for           in
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SU(2)
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T2 ⇥ R2

<latexit sha1_base64="mMVBBJaGthIPVbkF10I+HD0w9/k="></latexit>

P⌧ for SU(2)
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Px for SU(2)
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- 2nd order for all transitions
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phase diagram for SU(2)
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finite temperature
<latexit sha1_base64="RooC1nioVwYwngaFZUrYMY8gNm4="></latexit>

S1 ⇥ R3

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

Tc = 1/(0.873R)
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・Results for           in
<latexit sha1_base64="5Irpe4w7sHy2D6vh6Wy9H0hRQHk="></latexit>

T2 ⇥ R2
<latexit sha1_base64="R3FWhZSiWxBvzYvrcQl/WHNWEdk="></latexit>

SU(3)
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P⌧ for SU(3)
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Phase diagram for SU(3)

<latexit sha1_base64="8NlewlEt4wdpCRzLqANyqWl+S8Y="></latexit>

phase diagram for SU(3)
→ → → → → → → →

finite temperature
<latexit sha1_base64="RooC1nioVwYwngaFZUrYMY8gNm4="></latexit>

S1 ⇥ R3

3. Results
<latexit sha1_base64="Hl8RBfRv2dBDyyXPfAXko84SvXI="></latexit>

Tc = 1/(0.733R)
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・Comparison with lattice results for

●●
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Phase diagram for SU(2)

<latexit sha1_base64="he5IdVvR2364E27E5+RxNQxLBOY="></latexit>

SU(2)
Lattice: Chernodub-Goy-Molochkov, PRD (2019) Our model

<latexit sha1_base64="UmHQFkwbTDQhk+IL7YYqZJ8btgs="></latexit>

P⌧ = 0, Px = 0

<latexit sha1_base64="r3x+S2hizL0dz6VRLxJn29jJoMs="></latexit>

P⌧ = 0

<latexit sha1_base64="e8R9c+SvXYRKAu9YEKBnMrp8lYE="></latexit>

P⌧ 6= 0

<latexit sha1_base64="246nJplei3ZJZOdmBT9lpLcOhxI="></latexit>

Px 6= 0

<latexit sha1_base64="ZpA77iL0nw24AFOXIZYj4KY7sPc="></latexit>

Px = 0

<latexit sha1_base64="e8R9c+SvXYRKAu9YEKBnMrp8lYE="></latexit>

P⌧ 6= 0
<latexit sha1_base64="246nJplei3ZJZOdmBT9lpLcOhxI="></latexit>

Px 6= 0

- The shape of region for           ,           is very different → need improvement<latexit sha1_base64="e8R9c+SvXYRKAu9YEKBnMrp8lYE="></latexit>

P⌧ 6= 0
<latexit sha1_base64="246nJplei3ZJZOdmBT9lpLcOhxI="></latexit>

Px 6= 0

Possibility of finding new ingredients that cannot be seen
in ordinary QCD phase diagram    

- The usefulness of focusing on the novel extreme condition:
<latexit sha1_base64="5Irpe4w7sHy2D6vh6Wy9H0hRQHk="></latexit>

T2 ⇥ R2

3. Results
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・Conclusions
- I proposed novel QCD phase diagram
focused on anisotropic system:

- Lattice simulations for pure Yang-Mills
theory is being done recently

- Further investigation from both theoretical and lattice studies are needed
Study of QCD phase diagram in anisotropic system has just begun!

<latexit sha1_base64="DRyqCOvFqCK+/oDB9fqEDoYYr8Q="></latexit>

T

<latexit sha1_base64="0N+T0u/RhsaR82d72Y7WDu9iv4E="></latexit>µB

？？

lattice (OK!) 

new axis!
<latexit sha1_base64="FTLIhjfXJF7/1CEF4iiWxh/07lI="></latexit>

1/Lx

Chernodub-Goy-Molochkov, PRD (2019)
Kitazawa-Mogliacci-Kolbe-Horowitz, PRD (2019) etc.

- Naïve extension of “Meisinger-Miller-Ogilvie, PRD65, 034009 (2002)” is not 
enough to reproduce the lattice result

<latexit sha1_base64="5Irpe4w7sHy2D6vh6Wy9H0hRQHk="></latexit>

T2 ⇥ R2

e.g. treatment consistent with a certain gauge condition? Polonyi-Szlachanyi (1982)

join us!

4. Conclusions

more sophisticated model? Ruggieri-Alba-Castorina-Plumari-Ratti-Greco (2012) 

<latexit sha1_base64="5Irpe4w7sHy2D6vh6Wy9H0hRQHk="></latexit>

T2 ⇥ R2
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・Thermodynamic quantities
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4
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pz/T
4

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

our model with always
<latexit sha1_base64="+Z5eygzYfTC732ctCKVMwFnHANo="></latexit>

Px = 0
our model

- At larger volume                 , effects from      may be small (      is better)<latexit sha1_base64="OLPo6zqZPNa9gxjSk8prUDdCI6Q="></latexit>

LxT & 1.3
<latexit sha1_base64="vZurLxxQdMIFeBCrEnEdT2ddWs4="></latexit>

Px

Backup
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・Thermodynamic quantities
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Lattice: Kitazawa-Mogliacci-Kolbe
-Horowitz, PRD (2019) 

our model with always
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Px = 0
our model

- At larger volume                 , effects from      may be small (      is better)<latexit sha1_base64="OLPo6zqZPNa9gxjSk8prUDdCI6Q="></latexit>

LxT & 1.3
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Px

- For                 ,     plays an important role to get qualitatively correct behavior<latexit sha1_base64="kV1BBj4Is+zVJCcc0oSeZbp8jv4="></latexit>

LxT . 1.3
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Px

- I showed that naïve extension of “Meisinger-Miller-Ogilvie (2002)” is not enough 
but a model having both the above properties should be the correct one! 
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