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Columbia plot
nature of finite temperature phase transition of 2+1 flavor
QCD at ¢ = 0 in the plane of m, 4 and mg
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At small m, region

e critical end point at SU(3) flavor symmetric point, m*™,
has not been determined yet [S. Takeda’s talk]

e crossover at the physical point [many lattice results]
e critical end line has not been well determined yet



Previous study for critical end line
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data exhibits that slope at m*¥™ is not - 2

[de Forcrand, Philipsen, '06]

amS™ ~ 0.7 (roughly 5 times larger than msphy)
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Our recent study for critical end line

[Kuramashi et at., '16]
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We shall extend our study for critical end line away form m*™
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Simulations(1/2)

e |wasaki gauge + NP O(a) improved Wilson fermions

e chiral condensate (10 - 20 noises for TrD~1-2-3-4)

e kurtosis intersection method to determine the critical endpoint

e reweighting method to obtain more critical endpoints

e N; =6 (a ~ 0.19fm)
e N, = 10,12,16,20,24

symmetric runs

B K

1.715 | 0.140900 — 0.141100

1.73 | 0.140420 — 0.140450

1.75 | 0.139620 — 0.139700

X

light

heavy

A

Y

K] VDOVOV
1st order
,/c’//'/
7
crossover

7

A\

0

K

19



Simulations(2/2)

e very heavy mg runs

B Ki Ks

1.72 | 0.143788 0.128000
1.73 | 0.143365 — 0.143410 | 0.128000
1.74 | 0.142955 — 0.143042 | 0.128000

® heavy ms runs

B Ki Ks
1.72 | 0.143455 0.132100
1.72 | 0.143160 0.132800

1.73 | 0.142702,0.142750 0.132800
1.74 | 0.142955 - 0.143042 | 0.132800

e (O(100) zero temperature runs at g = 1.72,1.73,1.74
for physical scale setting are covering almost critical endpoints and
also transition points of finite temperature simulations



Expectation, susceptibility, skewness and kurtosis (example)
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Kurtosis intersection plot 1
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Kurtosis intersection plot 2

kurtosis
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Kurtosis intersection plot 3
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B

1.755

_l T T T T T T
NsZ10 s N7=6 K =0,128800
NzZlG —a—
CEP +—e—i o
3dmz, — &
a2 . 4
1.4 Pt %
-16 [ @ ' .
-1.8 -
_2 1 1 1 1 1 1 1
1715 172 1725 173 1735 174 1745 175

10/19



Kurtosis intersection plot 4
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Kurtosis intersection plot 5
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Kurtosis intersection plot 6
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Critical endpomts in bare parameter plane
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Critical endline at N; = 6
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[Rajagopal '95]

Fitting endpoints
x = (Vigmgg)? o< my
y= (vt—omns,E)z oc Mg

Fit 1 [all range]
y = a + a1x*® + ax? + azx®
x?/dof =2.32

Fit 2 [x < 0.15]
y = by + b1X2/5
x?/dof =2.02
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Critical endline at N; = 6, 8
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q
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Fit : ag + a1x%/5 4+ apx?® + a3x°®
x?/dof =2.32
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Critical endline at Ny = 6,8, 10
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Critical endline at Ny = oo (estimated upper bound)
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bound of tom:,ysmE in the contin-

uum limit [S. Takeda’s talk]

Fit : @ag + a;x%/® + a.x? + azx®
X2/dof =2.32
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Summary

We have determined the critical endline away from the SU(3)-flavor
symmetric point at Ny = 6 with NP O(a) improved Wilson fermions and
presented preliminary results for the critical end lines at Ny = 8,10 and
in the continuum limit

We find

e 3 series of multi-ensemble, multi-parameter re-weighting
determines well the critical end line

2/5

e critical end line at Ny = 6 is nice agreement with mg — m;”' ~m

in small m; region
tri phy T
* mS <1.52m_ " (very preliminary!!)

Future plans

e larger N; for the continuum limit
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