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-- 金谷さんとの遭遇 --
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1. 金谷「くりこみ群」レビューの衝撃

2.  金谷-Satzと松井-Satzがもたらした事

3.  筑波大学での事

4.  WHOT QCD Collaboration (７編の共著論文）

5. Gradient flow が拓く未来
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LHC @ CERN

CMS dimuon

http://cms.web.cern.ch/news/cms-observes-melting-upsilon-particles-heavy-ion-collisions
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7th Quark Matter 1988 @ LENOX

K. Kanaya T. Matsui



25th Quark Matter 2015 @ Kobe http://qm2015.riken.jp/



1. 金谷「くりこみ群」レビューの衝撃

2.  金谷-Satzと松井-Satzがもたらした事

3.  筑波大学での事

4.  WHOT QCD Collaboration (７編の共著論文）

5.  Energy momentum tensor が拓く未来



Energy-Momentum Tensor 
-- Doorway to the future of lattice QCD --

Generator of the Poincare group (Translation + Lorentz)
Conservation  law YM Trace anomaly 

Yang-Mills theory  at finite T

Bulk thermodynamics

Transports

Fluctuations

However, 
apparent conflict with Lattice discretization ?

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


Energy-Momentum Tensor on the Lattice
and Gradient Flow

FlowQCD Collaboration
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T. Iritani (Stony Brook)
E. Itou (KEK)
M. Kitazawa (Osaka)
H. Suzuki (Kyushu)

Phys. Rev. D90 (2014) 011501 & Erratum 
+ some preliminary results 
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Yang-Mills Gradient Flow (1): 4D world from (4+1)D bulk  

Diffusion equation towards extra dimension

t (extra dimension) 

x x x

(4+1)D bulk

Luscher & Weisz, JHEP 1102 (2011) 051

a=0



Yang-Mills Gradient Flow (2): 4D world from (4+1)D bulk  

t (extra dimension) 

x x x

(4+1)D bulk

H. Suzuki,  
PTEP 2013 (2013) 083B03+erratum
ArXiv: 1507.02360

a=0
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x x x
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Yang-Mills  thermodynamics (1):  Four steps to go  

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

Step 2:  Solve the gradient flow for each configuration

Step 3:  Construct Uµν(t,x) & E(t,x),  
then  calculate 〈Uµν(t,x)〉 & 〈E(t,x)〉

Step 4:  Take the limit (t0 after a0) 
to obtain 〈Tµν(x)〉

Gμν

a≠0



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

Flow QCD Coll., PRD90 (2014) 011501 + errarum

・ SU(3) YM theory
・ Wilson action
・ 323 x (6,8,10)
・ β=5.89-6.56
・ 100-300 config.

T/Tc=1.65
a = 0.074 fm

0.055 fm
0.043 fm



Yang-Mills  thermodynamics (3) : continuum extrapolation  

Flow QCD Coll  PRD90 (2014) 011501 + errarum



Yang-Mills thermodynamics (4) :  larger & finer lattices

・ SU(3) YM theory
・ Wilson action
・ 323 x (6,8,10)
・ β=5.89-6.56
・ 100-300 config.

T/Tc=1.65
a = 0.074 fm

0.055 fm
0.043 fm

過去

・ SU(3) YM theory
・ Wilson action
・ (64-256)3 x (12--32)
・ β=6.72-7.50
・～2000 config.

T/Tc=1.66
a=  0.037 fm

0.027 fm
0.021 fm
0.018 fm
0.014 fm

現在

Full QCD (FlowQCD + WHOT QCD)

未来



Future



金谷さん

還暦おめでとうございます！

これからも、ますますホットによろしくお願いします！
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