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1. Energy-momentum tensor : why should we care ?
2. Yang-Mills gradient flow : From 4D boundary to(4+1)D bulk
3. Yang-Mills thermodynamics : From (4+1)D bulk to 4D boundary

4. Summary and Future
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‘ Energy-Momentum Tensor : why should we care? I

TMU Generator of Poincare group (Translation + Lorentz)
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http://maru.bonyari.jp/texclip/texclip.php?s=%5Cbegin%7Balign*%7D%0A%5Cpartial%5E%7B%5Cmu%7D%20T_%7B%5Cmu%20%5Cnu%7D%3D0%0A%5Cend%7Balign*%7D
http://maru.bonyari.jp/texclip/texclip.php?s=%5Cbegin%7Balign*%7D%0A%5Cpartial%5E%7B%5Cmu%7D%20T_%7B%5Cmu%20%5Cnu%7D%3D0%0A%5Cend%7Balign*%7D
http://maru.bonyari.jp/texclip/texclip.php?s=%5Cbegin%7Balign*%7D%0AT_%7B%5Cmu%20%5Cnu%7D%0A%5Cend%7Balign*%7D
http://maru.bonyari.jp/texclip/texclip.php?s=%5Cbegin%7Balign*%7D%0AT_%7B%5Cmu%20%5Cnu%7D%0A%5Cend%7Balign*%7D

‘ Yang-Mills Gradient Flow (1): 4D world from (4+1)D bulk I a=0

Diffusion equation towards extra dimension

0B, (t,x) =D,G,,(t,x), B,(0,x)= ABME(:E)
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‘ Yang-Mills Gradient Flow (1): 4D world from (4+1)D bulk I =0

Diffusion equation towards extra dimension

0B, (t,x) =D,G,,(t,x), B,(0,x)= ABME(:U)

/ 4&% (4+1)D bulk \

amm S
H--.._____---h '1 =l
—
=

ST

1 B,.(t. x)
2V 8t X
\2 '? ;
&

| \ / t (extra dimension) . /
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| remains finite even for the eqpal-point product
i\ Luscher & Weisz, JHEP 1102 (2011) 051




‘ Yang-Mills Gradient Flow (1): 4D world from (4+1)D bulk I a=0

Diffusion equation towards extra dimension

0B, (t,x) =D,G,,(t,x), B,(0,x)= ABME(:U)
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‘ Yang-Mills Gradient Flow (2): 4D world from (4+1)D bulk I a=0
/ E‘"Q"“% (4+1)D bulk \
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‘ Yang-Mills Gradient Flow (2): 4D world from (4+1)D bulk I a=0

/ % (4+1)D bulk \
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‘ Yang-Mills thermodynamics (1): Four steps to go Ia;tO

/ Step 1: Generate gauge configuration at t=0 as usual \

Step 2: Solve the gradient flow for each configuration

Step 3: Construct U (t,x) & E(t,x), Gy
e — then calculate (U, (t,x)? & CE(t,x)) [

Step 4: Take the limit (t—=>0 after a—>0)
g to obtain (T, (x))

t (extra dimension) R 20/ << V 8t << R jj

~__
A=c—3P=—(T) (z))

[L L

2N sT=c+ P =—(T(2))



‘ Yang-Mills thermodynamics (2) : extrapolation back to t=0 I

3 ——T— , . . Flow QCD Coll., PRD90 (2014) 011501
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‘ Yang-Mills thermodynamics (3) : continuum extrapolation I
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‘ Yang-Mills thermodynamics (3) : continuum extrapolation I
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‘ Yang-Mills thermodynamics (4) : larger & finer lattices I

* SU(3) YM theory * SU(3) YM theory
= Wilson action = Wilson action
- 323x(6,8,10) - 643x(10,12,14,16), 1283x20
—— * B=5.89-6.56 - 3=6.83-7.38
~1. . ) : o~ : T/T.=2.31
a=0.074 fm 100-300 contig. 2000 config. a=0.031fm
0.055 fm 0.026 fm
- | | | 0.022 fm
+ 0.019 fm
56 1 QT 0.016 fm
é %ﬁ i
54 i _;
52 _ “’
- 1@ | i
4.8 — :
0 0.1 0.2 0.3 0.4 0.5




‘ Summary I

Energy-momentum tensor from Yang-Mills gradient flow
provides a new way to study the hot plasma

1. UV free definition —
2. small statistical error i ]
3. nice t-window as a>0 =~ =
4. no need of “integration” -

j;::__, t (extra dimension)

O YM thermodynamics in high precision
V=643, 963, 1283, T/T=0.9,1.1,14,1.7,2.1,2.3,2.7
[FlowQCD Collaboration]

B O (2+1)-flavor QCD Thermodynamics
[FlowQCD + WHOT QCD Collaborations]




‘ Future I

Thermodynamics B  Fluctuations and
Correlations

viscosity, specific heat, ...
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