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e The transition from Hadronic phase to Quark Gluon Plasma

phase at ug = 0 is a crossover but NOT a PHASE transition
(Y. Aoki .et al, Nature 443 (2006) 675-678 and A. Bazavov et al., Phys.Rev.D85(2012) 054503 and
the ref therein)

e Latest results Tp,c(p = 0) = 156.5 £ 1.5 MeV ("QCD
crossover at zero and non-zero baryon densities” by P.
Steinbrecher, Wed. 16:10-16:30)
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e The real PHASE transition in the chiral limit 7
e The order and universality class of the phase transition 7

e Influence of the criticality in the chiral limit to the
thermodynamics at the physical point ?
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Magnetic Equation of State (MEQS)

Chiral phase Behaviour of QCD continuous phase transition can be described by
@'+ 1)-tivor [l the MEOS

QCD
M(t,h) = hl/st(Z) + freg f4 |:<¢¢>l 27;774 <¢¢> :|
oM Ofre 2 1
(t h) 8H 1h1/6fx( ) ang = ”‘;L_?(Xsubtot ( )

where, freg = a1(T)H + a3(T)H? +

V.

Scaling variables

1T -T9 H 1 m
=t/RMP, == c p=2_-I 2
Z / J t(] TCO ’ h(] h()ms ()

|. scaling variables, h: external field, t: reduced temperature,

Il. 8 and § are universal critical exponents.

I1l. to, ho, TY are unique parameters from QCD, T is the chiral phase transition
tempearture and it is a fundamental quantity of QCD
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2=t/ P

-4 -2 0 2 4

o miT > mEY 5 7(2) at my; = m,

) Model B 1
o mi < meY O(4) at m; =0 Z(2) | 0.3258 | 4.805
0(4) | 0380 | 4.824
e Staggered— O(2) 0(2) | 0.349 | 4.780

. Critical exponents of O(2), Z(2), O(4) are similar
I. Regular contribution from free energy maybe complicated.
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Lattice Setup
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The strange quark mass is
fixed at its physical value

e 4-5 values of quark masses
are chosen for N, = 6, 8 ,12
to approach the chiral limit

e 55 MeV< m, < 160MeV

’”"‘2’” order Zy [ ] m?hy = msphy/27
My,d = My 00
(HISQ/tree) action
N, mghy/ml window may window Ny /N, window
6 20, 80] [80, 160] MeV [, 6.7]
8 20, 160] [55. 160] MeV 4, 7]
12 20, 80] (80, 160] MeV (4, 5]
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e x s does not grow linearly in the volume

the current pion mass window m, > 80 MeV

e NO evidence for first order phase transition was found in
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By, & 3 suggests that the transition is crossover in the pion

mass window 55 MeV < m,; < 160 MeV
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e Current estimation from 60% peak of x: T is around
147(2) MeV for N,;=6, and 142(2) MeV for N, = 8 MeV.
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Current estimation from xH/M =1/, H — 0 shows the
chiral phase transition temperature 7 ~ 144 MeV for N, = 8.
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Crossing point by two lightest quarks gives an estimate of T2.

13/18



Towards the continuum limit

Chiral phase

transition of

(2 + 1)-flavor
QCD

from peak, m =140MeV —x—
135 F m,=110MeV —o—

m, =90MeV —a—
130 | m =80MeV —=— |
m_=55MeV —m—
105 | from 60% peak m; =80MeV —oc— |
N2 from 60% peak m, =110MeV —v—
120 ud L L
Extract T 111621/12 1/82 1/62

ms/my | TO towards continuum limit[MeV]
40 136(3)
80 137(3)

14/18



order of the chiral phase transition

Chiral phase

transition of

(2 + 1)-flavor
QCD

ﬁ _ T = e fa(z) 3)

XM ms Ix(2)
55 8090 110 140 160 55 8090 110 140 160 m, [MeV]
0.10 0.30
M/ Mg @0.67%-0~
0.08 solid : N.=6
open : N.=8
0:08 i aifled : N1
@ 0.04
Extract T colored : O(N) 010
0.02 black solid: Z@@H,=1120 | o 0
black dashed : Z(2)@H,=1/240 :
0.00 é S A S S W A\ o 000
\\,3: RO KA RS \\\‘27 KOOI K4 R my/mg

15/18



Summary and outlook
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We have performed simulations on N = 6, 8,12 lattice
using the HISQ action with five different values of light
quark masses towards the chiral limit

v No first order phase transition is observed in our current
pion mass window (55MeV < m, < 160MeV)

v Our scaling analyses suggest that m2™ > m/ri
v The chiral phase transition temperature 72 = 138(5) MeV

Summary and

outlook at a — 0, V — oo, m — 0.
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