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Introduction

ÅOrder of finite temperature phase transitions in Nf =2+1QCD
ïDepending on quark masses

ÅPhase transition of Nf = 3 QCD
ïExpected to be first order at m = 0

ïSecond order critical endpoint m = mE

ïCrossover m > mE

ÅLattice studies so far
ïmEkeeps decreasing for more improved

actions and as aҦ 0

ï Different scaling btw. Wilson and staggered

ïmE in aҦ 0 is still not conclusive
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Our approach

ÅIwasaki gauge + Wilson clover fermion actions

ÅNf = 3

ïContinuum extrapolation with Nt = 4 ς12

ÅNf = 2+1

ïNt = 6

ïPreliminary results with new Nt = 8 data

ÅNf = 4

ïContinuum extrapolation with Nt = 4 ς8

ïPreliminary results with new Nt = 10 data
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X.-Y. Jinet al., PRD 91 (2015) 014508 
X.-Y. Jinet al., PRD 96 (2017) 034523 
Y. Kuramashiet al., PRD 101 (2020) 054509

Y. Kuramashiet al., PRD 94 (2016) 114507
Y.Nakamuraet al., PoSLATTICE 2019 (2019) 053 

HOet al., PoSLATTICE 2018 (2018) 174 

Nf = 3 ὓ ȟ ρρπMeV

Y. Kuramashiet al., PRD 101 (2020) 054509
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Previous results

3
Critical endpoints in (2+1)- and 4-flavor QCD

with Wilson-Clover fermions

Nf = 2+1
Y. Nakamura et al., PoSLATTICE 2019 (2019) 053 

Nf = 4
HOet al., PoSLATTICE 2018 (2018) 174 

Continuum extrapolation is needed. Continuum extrapolation is still not precise enough.
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Simulation setup for Nf = 2 + 1

ÅIwasaki gauge action

ÅNon-perturbatively O(a)-improved Wilson clover fermion action

ÅNt = 8

ÅNs = 12,16,20, 24, 28 for finite size scaling studies

Åʲ Ґ мΦтр

Å sˁ = 0.1330 Ҧ 0.1327 and 0.1333 by reweighting 

ÅVarying lˁ to search for transition points
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NfҐ нҌм ǊŜǎǳƭǘ ŀǘ ʲ Ґ мΦтрΣ sˁ = 0.1327 

5
Critical endpoints in (2+1)- and 4-flavor QCD

with Wilson-Clover fermions

Chiral condensate Chiral susceptibility

əl əl

line: reweighting

Ns = 12

Ns = 16

Ns = 20

Ns = 24

Ns = 28

line: reweighting

Ns = 12

Ns = 16

Ns = 20

Ns = 24

Ns = 28

There might be a first order phase transition around əl = 0.14218.
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NfҐ нҌм ǊŜǎǳƭǘ ŀǘ ʲ Ґ мΦтрΣ sˁ = 0.1330 

6
Critical endpoints in (2+1)- and 4-flavor QCD

with Wilson-Clover fermions

Chiral condensate Chiral susceptibility
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symbol: simulation

line: reweighting

Ns = 12

Ns = 16

Ns = 20

Ns = 24

Ns = 28

There might be a first order phase transition around əl = 0.14214.

symbol: simulation

line: reweighting

Ns = 12

Ns = 16

Ns = 20

Ns = 24

Ns = 28
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NfҐ нҌм ǊŜǎǳƭǘ ŀǘ ʲ Ґ мΦтрΣ sˁ = 0.1333 

7
Critical endpoints in (2+1)- and 4-flavor QCD

with Wilson-Clover fermions

Chiral condensate Chiral susceptibility
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line: reweighting

Ns = 12

Ns = 16

Ns = 20

Ns = 24

Ns = 28

line: reweighting

Ns = 12

Ns = 16

Ns = 20

Ns = 24

Ns = 28

There might be a first order phase transition around əl = 0.14210.


