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QCD

hadron spectra, chiral symmetry, phase transition, etc.



QCD

_Kronfeld,
Ann.Rev.Nucl.Part.Sci.62,265(2012

stout HISQ

(e-3p)/T? L
p/T4

s/4T4 u=0

HotQCD Collaboration, PRD90, 094503 (2014)
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QCD

—EMT Noether
- gradient flow



|P5) ~ |m)
(P5(1)|P5(0)) — e™™n"
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Figs from C.B. Lang

http://physik.uni-graz.at/~cbl/teaching/Igtped_c.pdf
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Gradient Flow



GRADIENT FLOW

original data

6.0 7.0




—a(tis) = —sa(t,s)  2(t0) = (t)

YM Gradient Flow

= 0,0,A, + -

Gauge invariant version of
4-dim. diffusion equation




Luscher, 2010-

Narayanan, Neuberger, 2006

Luscher, Weiss, 2011

EMT



Error includes
U statistical error

SU(3) YANBIILLS

—— Bielefeld 6
—— Budapest-Wuppertal
¢ flowQCD

—— Bielefeld
—— Budapest-Wuppertal
¢ flow QCD

U choice of t range for tA 0 limit
U uncertainty in al 2000

total error <1.5% for T>1.1T_



N=2+1QCD

+, WHOT-QCD, PRD, 2017

T-integration —&—

}

T-integration —&—

gradient flow —&— - gradient flow —&—
P

A N:=2+1 QCD, lwasaki gauge + NP-clover

A m,s/m,, =0.63 with =physical s quark

A T=0: CP-PACS+JLQCD (R=2.05, 283x56, a=0.07fm)

A T>0:323%N, N,=4,6, ..., 14, 16 e N4 12 10
A tA 0 extrapolation only (=2.05) oo o o




Thermodynamics

direct measurement of
expectation values

/

<TOO> <T721> : f'/ =

EMT

EMT

Fluctuations and
Correlations

viscosity, specific heat, ...

n= [, dt(Ti2;T12)
vy ~ (5T(320>

etc., etc.
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Asakawa, Nakahara
Hatsuda, 2001

Lattice data

Vector, T = 1.49T¢, p/T =0

NS & 0o h(1/2T —
., # G(7) :/ dw =" C T)w)ﬂ(w)
0

G( T)v sinh(w/2T)

“ill-posed problem”

Spectral Function
— T =1.49T,
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|lkeda, Asakawa, MK
PRD 2017
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Vector, T = 1.627.
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|lkeda, Asakawa, MK

PRD 2017
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Mukherjee+, PRD2016

i=baryon

i=meson —@— A
i:qua rk ——d— A
—
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: positive parity FASTSUM Collab.
LATTICE2017; XQCD2017

Nf=2+1,m ;=384MeV




=
B~
—

3
=
|
=

preliminary

| in-medium HRG gas

— HRG
Budapest-Wuppertal (cont.)
o HotQCD [:NT_=‘{}

FASTSUM Collab.
LATTICE2017; XQCD2017
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