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[QCD symmetry & phase transition]
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[QCD symmetry & phase transition]
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Influence to QCD phase structure at ps>0
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[General approaches to study chiral phase transition]

2nd order phase transition
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Why chiral phase transition is
hard to study on lattice?
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Karl Jansen, PoS LATTICE2008 (2008) 010, arXiv:0810.5634


https://arxiv.org/search/hep-lat?searchtype=author&query=Jansen%2C+K
https://arxiv.org/abs/0810.5634

[Thermodynamic limit and continuum Iimitj

Thermodynamic limit

In thermodynamic T

limit

:

—
|
L)

§ )

v ¢ Finite size effects i

|
|
!
1§ 3 81

]
[}

L1
§8 8

e
q—




[Magnetic equation of state (MEOS)J

General theory
Singular part dominate near Tc

Specific for QCD chiral transition

Scaling variables
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[Magnetic equation of state (MEOS)

m,=160MeV —g— ' My/Mg=2/5
m,=140MeV —o— 1/5
m_=110MeV —aA— 1/10
m_=90MeV —o— 1/20

o) 1/80

all masses

Sheng-Tai Li, Heng-Tong Ding, PoS LATTICE2016 (2017) 372 S. Ejiri et al., PHYSICAL REVIEW D 80, 094505 (2009)
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http://inspirehep.net/author/profile/Li%2C%20Sheng-Tai?recid=1512308&ln=en
http://inspirehep.net/author/profile/Ding%2C%20Heng-Tong?recid=1512308&ln=en

E\Iovel estimators (Ts and Teo) to determine Tg ]

- 215-1-050 05 1 15 2

Model o B
Z(2) 4.805 0.3258

0(4) 4.824 0.380
0(2) 4.780 0.349

. Engels and F. Karsch Phys. Rev. D 90, 014501 — 1 July 2014
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E\Iovel estimators (Ts and Teo) to determine Tg ]

Model 2z, Z60
Z(2) 2.0 0.1

04) 137 -0.01
0(2) 1.56 -0.009

J. Engels and F. Karsch Phys. Rev. D 90, 014501 - 1 July 2014

12



[Lattice Setup]
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[The volume dependence of the chiral susceptibilitﬂ

2 4
AM=Ms Xsubtot/TK

N =8 3 m. =80 MeV

Y/ m=80MeV

TIMeV] TIMeV]
125 130 135 140 145 150 155 160 165 170

Y Chiral susceptibility does not grow linearly in volume
Y No evidence for first order phase transition was found
in the current pion mass window mmn>=80 MeV
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[Binder cumulant of chiral order parameterj
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0(2) 1.242(2) The Binder cumulant suggest the
(1’(4: 1-022‘3) transition is crossover in the pion
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[Study T¢ by Ts and TJ
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483 x12 147.0x0.1 128.7+x0.6 128.8 = 0.4
603x12 148.7+0.1 1342+04 133904
723x12 1495+0.3 136.3+x0.5 135.6 0.3




El'hermodynamic limit-—+ Continuum limit-* Chiral Iimit]
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Thermodynamic limit+Chiral limit Continuum Iimit]
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{ Final estimation of T ]

(1)V—eo, O(4); (2)a—0; (3)m—0
(1)V—oo, Linear; (2)a—0; (3)m—0
(1)V—e & m—0 combined O(4); (2)a—0
(1)V—eo, O(4); (2)a—0; (3)m—0
B 1)V, Linear; (2)a—0; (3)m—0

(1)V—e & m—0 combined O(4); (2)a—0

Tg [MeV] from T5 (Squares); from T, (Circles)
124 126 128 130 132 134 136 138
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[Order of chiral phase transition in the chiral Iimit]
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HotQCD Collaboration: Heng-Tong Ding, ..., Sheng-Tai Li et al., arXiv:1905.11610, PoS LATTICE (2018) 171

For Z(2) case:
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[Volume dependence of M/xm at T,c and Teo
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Thanks for your attention !







E\Iovel estimators fa(z)-fx(z) to determine T¢ ]

v.¢ For 0(4), Z(2), 1/3 is only
0.4% difference

v Linear quark mass terms
in M are subtracted
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| Sanity check by looking at fa(z)-fx(2) |

m, =110 MeV, V= m—— m_ =110 MeV, V=0 mm—
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(MHgH 1 =80 MoV, Voo s (MH)H2 70 =80 MeV, Voo mummm -

m_=80MeV, N =72 —x— 5 m_=80MeV, N =72 —x—
mﬂ=80MeV’ NO’=6O :|—9—| mn=80MeV, NO'=6O :'—e—|

Linear thermodynamic limit 0(4) thermodynamic limit
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