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Heavy ion collisions

UrQMD Frankfurt/M

Simulation of a heavy ion collision  

‘Phases/Epochs’ of a heavy ion collision & time scales
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Phase structure of QCD

Quarks Gluons



Perturbative QCD & asymptotic freedom 

GluonsQuarks
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Phase diagrams & order parameters
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typical phase diagram phase diagram of QCD

Phases in QCD

quarks confined - deconfined quarks massless - massive

Phase diagrams & order parameters



Heckmann ’11

Phase diagram of cold atoms phase diagram of QCD

Phases in QCD

quarks confined - deconfined quarks massless - massive

Phase diagrams & order parameters
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Chiral symmetry breaking

Quarks



Chiral symmetry breaking

�m�SB ⇡ 400MeV

Generation first second third Charge
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Chiral symmetry breaking
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Chiral symmetry breaking

Perturbative four-fermi coupling 
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Chiral symmetry breaking

Chirality for massless particles

qLqR

Meson potential
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Chiral symmetry breaking
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Phases in QCD
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Confinement

Quarks Gluons
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Phases in QCD

quarks massless - massive

Phase diagram & order parameters
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(II) Functional Renormalisation group for QCD     
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zero-dimensional example: ‘Functional’ flows for integrals

http://www.thphys.uni-heidelberg.de/~pawlowsk/NPgauge12/bonus/idea.pdf
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Approximation schemes & phase structure

Litim, JMP, Vergara ’06

http://www.thphys.uni-heidelberg.de/~scherer/3dONmodel.nb
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Functional RG for QCD
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access to physics 
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no sign problem
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Gk,�Ṙk,� +RkGk,�

�⇥̇

�⇥
� ��

�⇥
⇥̇

JMP ’05

hadronised Flow

How to fix       &        ?�k �̇k �̇k ' Ȧk⇥̄�⇥ + Ḃk�k + Ċk
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QCD: Euclidean propagators
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QCD: Quark-gluon vertex
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(III) Phase structure of QCD and dynamics     
                           

!Yang-Mills theory at finite temperature 

!Order parameter potential for confinement 
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Yang-Mills theory at finite temperature



Order parameter potential for Confinement
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Correlation functions at finite temperature



YM-theory: gluonic correlation functions
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Euclidean gluon propagator at finite T
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Euclidean gluon propagator at finite T

Lattice: Silva, Oliveira, Bicudo, Cardoso, PRD89 (2014) 7, 074503
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Euclidean gluon propagator at finite T

Lattice: Silva, Oliveira, Bicudo, Cardoso, PRD89 (2014) 7, 074503
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Polyakov loop from functional methods
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Phase structure of QCD and dynamics



QCD-assisted transport
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Input from equilibrium low energy effective action of QCD

Re�(2)
� (!, ~p)

<latexit sha1_base64="f95wRKCv8p/kLZTD1KUrpHfmJK0=">AAACFnicbVDLSgNBEJyNrxhfqx69DAYhgobdIOhJBA96jGKikI2hd9JJhszsLjOzQljyFV78FS8eFPEq3vwbJ4+Dr4KGoqqb7q4wEVwbz/t0cjOzc/ML+cXC0vLK6pq7vlHXcaoY1lgsYnUTgkbBI6wZbgTeJApBhgKvw/7pyL++Q6V5HF2ZQYJNCd2IdzgDY6WWu58FStJLHAZ7NDgDKaEVaN6VcJuVKrvDUhBL7MJecIeMJrstt+iVvTHoX+JPSZFMUW25H0E7ZqnEyDABWjd8LzHNDJThTOCwEKQaE2B96GLD0ggk6mY2fmtId6zSpp1Y2YoMHavfJzKQWg9kaDslmJ7+7Y3E/7xGajpHzYxHSWowYpNFnVRQE9NRRrTNFTIjBpYAU9zeSlkPFDBjkyzYEPzfL/8l9UrZ98r+xUHx5HgaR55skW1SIj45JCfknFRJjTByTx7JM3lxHpwn59V5m7TmnOnMJvkB5/0LGyGeCw==</latexit><latexit sha1_base64="f95wRKCv8p/kLZTD1KUrpHfmJK0=">AAACFnicbVDLSgNBEJyNrxhfqx69DAYhgobdIOhJBA96jGKikI2hd9JJhszsLjOzQljyFV78FS8eFPEq3vwbJ4+Dr4KGoqqb7q4wEVwbz/t0cjOzc/ML+cXC0vLK6pq7vlHXcaoY1lgsYnUTgkbBI6wZbgTeJApBhgKvw/7pyL++Q6V5HF2ZQYJNCd2IdzgDY6WWu58FStJLHAZ7NDgDKaEVaN6VcJuVKrvDUhBL7MJecIeMJrstt+iVvTHoX+JPSZFMUW25H0E7ZqnEyDABWjd8LzHNDJThTOCwEKQaE2B96GLD0ggk6mY2fmtId6zSpp1Y2YoMHavfJzKQWg9kaDslmJ7+7Y3E/7xGajpHzYxHSWowYpNFnVRQE9NRRrTNFTIjBpYAU9zeSlkPFDBjkyzYEPzfL/8l9UrZ98r+xUHx5HgaR55skW1SIj45JCfknFRJjTByTx7JM3lxHpwn59V5m7TmnOnMJvkB5/0LGyGeCw==</latexit><latexit sha1_base64="f95wRKCv8p/kLZTD1KUrpHfmJK0=">AAACFnicbVDLSgNBEJyNrxhfqx69DAYhgobdIOhJBA96jGKikI2hd9JJhszsLjOzQljyFV78FS8eFPEq3vwbJ4+Dr4KGoqqb7q4wEVwbz/t0cjOzc/ML+cXC0vLK6pq7vlHXcaoY1lgsYnUTgkbBI6wZbgTeJApBhgKvw/7pyL++Q6V5HF2ZQYJNCd2IdzgDY6WWu58FStJLHAZ7NDgDKaEVaN6VcJuVKrvDUhBL7MJecIeMJrstt+iVvTHoX+JPSZFMUW25H0E7ZqnEyDABWjd8LzHNDJThTOCwEKQaE2B96GLD0ggk6mY2fmtId6zSpp1Y2YoMHavfJzKQWg9kaDslmJ7+7Y3E/7xGajpHzYxHSWowYpNFnVRQE9NRRrTNFTIjBpYAU9zeSlkPFDBjkyzYEPzfL/8l9UrZ98r+xUHx5HgaR55skW1SIj45JCfknFRJjTByTx7JM3lxHpwn59V5m7TmnOnMJvkB5/0LGyGeCw==</latexit><latexit sha1_base64="f95wRKCv8p/kLZTD1KUrpHfmJK0=">AAACFnicbVDLSgNBEJyNrxhfqx69DAYhgobdIOhJBA96jGKikI2hd9JJhszsLjOzQljyFV78FS8eFPEq3vwbJ4+Dr4KGoqqb7q4wEVwbz/t0cjOzc/ML+cXC0vLK6pq7vlHXcaoY1lgsYnUTgkbBI6wZbgTeJApBhgKvw/7pyL++Q6V5HF2ZQYJNCd2IdzgDY6WWu58FStJLHAZ7NDgDKaEVaN6VcJuVKrvDUhBL7MJecIeMJrstt+iVvTHoX+JPSZFMUW25H0E7ZqnEyDABWjd8LzHNDJThTOCwEKQaE2B96GLD0ggk6mY2fmtId6zSpp1Y2YoMHavfJzKQWg9kaDslmJ7+7Y3E/7xGajpHzYxHSWowYpNFnVRQE9NRRrTNFTIjBpYAU9zeSlkPFDBjkyzYEPzfL/8l9UrZ98r+xUHx5HgaR55skW1SIj45JCfknFRJjTByTx7JM3lxHpwn59V5m7TmnOnMJvkB5/0LGyGeCw==</latexit>

Im�(2)
� (!, ~p)

<latexit sha1_base64="hNem3KneY7PsZfq5ZB+e2Me3/go=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoMQQcNuEPQkggf1FsFEIRtD76STDJnZXWZmhbDkK7z4K148KOJVvPk3TpI9+CpoKKq66e4KYsG1cd1PJzczOze/kF8sLC2vrK4V1zcaOkoUwzqLRKRuAtAoeIh1w43Am1ghyEDgdTA4HfvXd6g0j8IrM4yxJaEX8i5nYKzULu6nvpL0Qo78PeqfgZTQ9jXvSbhNy9XdUdmPJPZgz79DRuPddrHkVtwJ6F/iZaREMtTaxQ+/E7FEYmiYAK2bnhubVgrKcCZwVPATjTGwAfSwaWkIEnUrnbw1ojtW6dBupGyFhk7U7xMpSK2HMrCdEkxf//bG4n9eMzHdo1bKwzgxGLLpom4iqInoOCPa4QqZEUNLgClub6WsDwqYsUkWbAje75f/kka14rkV7/KgdHKcxZEnW2SblIlHDskJOSc1UieM3JNH8kxenAfnyXl13qatOSeb2SQ/4Lx/ARlungo=</latexit><latexit sha1_base64="hNem3KneY7PsZfq5ZB+e2Me3/go=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoMQQcNuEPQkggf1FsFEIRtD76STDJnZXWZmhbDkK7z4K148KOJVvPk3TpI9+CpoKKq66e4KYsG1cd1PJzczOze/kF8sLC2vrK4V1zcaOkoUwzqLRKRuAtAoeIh1w43Am1ghyEDgdTA4HfvXd6g0j8IrM4yxJaEX8i5nYKzULu6nvpL0Qo78PeqfgZTQ9jXvSbhNy9XdUdmPJPZgz79DRuPddrHkVtwJ6F/iZaREMtTaxQ+/E7FEYmiYAK2bnhubVgrKcCZwVPATjTGwAfSwaWkIEnUrnbw1ojtW6dBupGyFhk7U7xMpSK2HMrCdEkxf//bG4n9eMzHdo1bKwzgxGLLpom4iqInoOCPa4QqZEUNLgClub6WsDwqYsUkWbAje75f/kka14rkV7/KgdHKcxZEnW2SblIlHDskJOSc1UieM3JNH8kxenAfnyXl13qatOSeb2SQ/4Lx/ARlungo=</latexit><latexit sha1_base64="hNem3KneY7PsZfq5ZB+e2Me3/go=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoMQQcNuEPQkggf1FsFEIRtD76STDJnZXWZmhbDkK7z4K148KOJVvPk3TpI9+CpoKKq66e4KYsG1cd1PJzczOze/kF8sLC2vrK4V1zcaOkoUwzqLRKRuAtAoeIh1w43Am1ghyEDgdTA4HfvXd6g0j8IrM4yxJaEX8i5nYKzULu6nvpL0Qo78PeqfgZTQ9jXvSbhNy9XdUdmPJPZgz79DRuPddrHkVtwJ6F/iZaREMtTaxQ+/E7FEYmiYAK2bnhubVgrKcCZwVPATjTGwAfSwaWkIEnUrnbw1ojtW6dBupGyFhk7U7xMpSK2HMrCdEkxf//bG4n9eMzHdo1bKwzgxGLLpom4iqInoOCPa4QqZEUNLgClub6WsDwqYsUkWbAje75f/kka14rkV7/KgdHKcxZEnW2SblIlHDskJOSc1UieM3JNH8kxenAfnyXl13qatOSeb2SQ/4Lx/ARlungo=</latexit><latexit sha1_base64="hNem3KneY7PsZfq5ZB+e2Me3/go=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoMQQcNuEPQkggf1FsFEIRtD76STDJnZXWZmhbDkK7z4K148KOJVvPk3TpI9+CpoKKq66e4KYsG1cd1PJzczOze/kF8sLC2vrK4V1zcaOkoUwzqLRKRuAtAoeIh1w43Am1ghyEDgdTA4HfvXd6g0j8IrM4yxJaEX8i5nYKzULu6nvpL0Qo78PeqfgZTQ9jXvSbhNy9XdUdmPJPZgz79DRuPddrHkVtwJ6F/iZaREMtTaxQ+/E7FEYmiYAK2bnhubVgrKcCZwVPATjTGwAfSwaWkIEnUrnbw1ojtW6dBupGyFhk7U7xMpSK2HMrCdEkxf//bG4n9eMzHdo1bKwzgxGLLpom4iqInoOCPa4QqZEUNLgClub6WsDwqYsUkWbAje75f/kka14rkV7/KgdHKcxZEnW2SblIlHDskJOSc1UieM3JNH8kxenAfnyXl13qatOSeb2SQ/4Lx/ARlungo=</latexit>

U(�)
<latexit sha1_base64="/Bg6bgobasY4DuIiVKlg0nmugGI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigp6k4MVjBdNW2lA22027dHcTdjdCCf0VXjwo4tWf481/4zbNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ7dzv/NElWaxfDDThAYCjySLGMHGSo9+va/ZSODzQbXmNtwcaJV4BalBgdag+tUfxiQVVBrCsdY9z01MkGFlGOF0VumnmiaYTPCI9iyVWFAdZPnBM3RmlSGKYmVLGpSrvycyLLSeitB2CmzGetmbi/95vdRE10HGZJIaKsliUZRyZGI0/x4NmaLE8KklmChmb0VkjBUmxmZUsSF4yy+vkvZFw3Mb3v1lrXlTxFGGEziFOnhwBU24gxb4QEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQvej+M=</latexit><latexit sha1_base64="/Bg6bgobasY4DuIiVKlg0nmugGI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigp6k4MVjBdNW2lA22027dHcTdjdCCf0VXjwo4tWf481/4zbNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ7dzv/NElWaxfDDThAYCjySLGMHGSo9+va/ZSODzQbXmNtwcaJV4BalBgdag+tUfxiQVVBrCsdY9z01MkGFlGOF0VumnmiaYTPCI9iyVWFAdZPnBM3RmlSGKYmVLGpSrvycyLLSeitB2CmzGetmbi/95vdRE10HGZJIaKsliUZRyZGI0/x4NmaLE8KklmChmb0VkjBUmxmZUsSF4yy+vkvZFw3Mb3v1lrXlTxFGGEziFOnhwBU24gxb4QEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQvej+M=</latexit><latexit sha1_base64="/Bg6bgobasY4DuIiVKlg0nmugGI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigp6k4MVjBdNW2lA22027dHcTdjdCCf0VXjwo4tWf481/4zbNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ7dzv/NElWaxfDDThAYCjySLGMHGSo9+va/ZSODzQbXmNtwcaJV4BalBgdag+tUfxiQVVBrCsdY9z01MkGFlGOF0VumnmiaYTPCI9iyVWFAdZPnBM3RmlSGKYmVLGpSrvycyLLSeitB2CmzGetmbi/95vdRE10HGZJIaKsliUZRyZGI0/x4NmaLE8KklmChmb0VkjBUmxmZUsSF4yy+vkvZFw3Mb3v1lrXlTxFGGEziFOnhwBU24gxb4QEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQvej+M=</latexit><latexit sha1_base64="/Bg6bgobasY4DuIiVKlg0nmugGI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigp6k4MVjBdNW2lA22027dHcTdjdCCf0VXjwo4tWf481/4zbNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ7dzv/NElWaxfDDThAYCjySLGMHGSo9+va/ZSODzQbXmNtwcaJV4BalBgdag+tUfxiQVVBrCsdY9z01MkGFlGOF0VumnmiaYTPCI9iyVWFAdZPnBM3RmlSGKYmVLGpSrvycyLLSeitB2CmzGetmbi/95vdRE10HGZJIaKsliUZRyZGI0/x4NmaLE8KklmChmb0VkjBUmxmZUsSF4yy+vkvZFw3Mb3v1lrXlTxFGGEziFOnhwBU24gxb4QEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQvej+M=</latexit>

kinetic term effective potentialdiffusion term ⌘ @t�
<latexit sha1_base64="SfNX0iyPG3zXbFwghm4OYty+lGY=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYCHhTgStJGBjGcF8QC4cc5tNsmRv79idE0JI41+xsVDE1p9h579xL7lCEx8MPN6b2Z15YSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1OwTDpVC8gQIlbyeaQxRK3gpHt5nfeuTaiFg94Djh3QgGSvQFA7RSUD7yOYJ/7iegUYAMkPpGDCIIyhW36s5Al4mXkwrJUQ/KX34vZmnEFTIJxnQ8N8HuJHuWST4t+anhCbARDHjHUgURN93J7IApPbVKj/ZjbUshnam/JyYQGTOOQtsZAQ7NopeJ/3mdFPvX3YlQSYpcsflH/VRSjGmWBu0JzRnKsSXAtLC7UjYEDQxtZiUbgrd48jJpXlQ9t+rdX1ZqN3kcRXJMTsgZ8cgVqZE7UicNwsiUPJNX8uY8OS/Ou/Mxby04+cwh+QPn8weDjpZU</latexit><latexit sha1_base64="SfNX0iyPG3zXbFwghm4OYty+lGY=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYCHhTgStJGBjGcF8QC4cc5tNsmRv79idE0JI41+xsVDE1p9h579xL7lCEx8MPN6b2Z15YSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1OwTDpVC8gQIlbyeaQxRK3gpHt5nfeuTaiFg94Djh3QgGSvQFA7RSUD7yOYJ/7iegUYAMkPpGDCIIyhW36s5Al4mXkwrJUQ/KX34vZmnEFTIJxnQ8N8HuJHuWST4t+anhCbARDHjHUgURN93J7IApPbVKj/ZjbUshnam/JyYQGTOOQtsZAQ7NopeJ/3mdFPvX3YlQSYpcsflH/VRSjGmWBu0JzRnKsSXAtLC7UjYEDQxtZiUbgrd48jJpXlQ9t+rdX1ZqN3kcRXJMTsgZ8cgVqZE7UicNwsiUPJNX8uY8OS/Ou/Mxby04+cwh+QPn8weDjpZU</latexit><latexit sha1_base64="SfNX0iyPG3zXbFwghm4OYty+lGY=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYCHhTgStJGBjGcF8QC4cc5tNsmRv79idE0JI41+xsVDE1p9h579xL7lCEx8MPN6b2Z15YSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1OwTDpVC8gQIlbyeaQxRK3gpHt5nfeuTaiFg94Djh3QgGSvQFA7RSUD7yOYJ/7iegUYAMkPpGDCIIyhW36s5Al4mXkwrJUQ/KX34vZmnEFTIJxnQ8N8HuJHuWST4t+anhCbARDHjHUgURN93J7IApPbVKj/ZjbUshnam/JyYQGTOOQtsZAQ7NopeJ/3mdFPvX3YlQSYpcsflH/VRSjGmWBu0JzRnKsSXAtLC7UjYEDQxtZiUbgrd48jJpXlQ9t+rdX1ZqN3kcRXJMTsgZ8cgVqZE7UicNwsiUPJNX8uY8OS/Ou/Mxby04+cwh+QPn8weDjpZU</latexit><latexit sha1_base64="SfNX0iyPG3zXbFwghm4OYty+lGY=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYCHhTgStJGBjGcF8QC4cc5tNsmRv79idE0JI41+xsVDE1p9h579xL7lCEx8MPN6b2Z15YSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1OwTDpVC8gQIlbyeaQxRK3gpHt5nfeuTaiFg94Djh3QgGSvQFA7RSUD7yOYJ/7iegUYAMkPpGDCIIyhW36s5Al4mXkwrJUQ/KX34vZmnEFTIJxnQ8N8HuJHuWST4t+anhCbARDHjHUgURN93J7IApPbVKj/ZjbUshnam/JyYQGTOOQtsZAQ7NopeJ/3mdFPvX3YlQSYpcsflH/VRSjGmWBu0JzRnKsSXAtLC7UjYEDQxtZiUbgrd48jJpXlQ9t+rdX1ZqN3kcRXJMTsgZ8cgVqZE7UicNwsiUPJNX8uY8OS/Ou/Mxby04+cwh+QPn8weDjpZU</latexit>

Blum, Jiang, Mitter, Nahrgang, JMP, Rennecke, Wink



Transport approach to QCD
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��
= ⇠

<latexit sha1_base64="/3JcLTysl4PyJPFRRnHotmKb07I=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiuSiKCboSiC11WsA9oQrmZTNqhM0mYmYgl9BPc+CtuXCji1qU7/8Zpm4W2Hhg495x7uXNPkHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHYCinMW0oZnmtJ1KCiLgtBUMrsZ+655KxZL4Tg9T6gvoxSxiBLSRuvaRF0kguRdSrgF71yAEjIrSU6xnqgvsPbCuXXGqzgR4nrgFqaAC9a795YUJyQSNNeGgVMd1Uu3nIDUjnI7KXqZoCmQAPdoxNAZBlZ9PDhrhQ6OEOEqkebHGE/X3RA5CqaEITKcA3Vez3lj8z+tkOjr3cxanmaYxmS6KMo51gsfp4JBJSjQfGgJEMvNXTPpgEtImw7IJwZ09eZ40T6quU3VvTyu1yyKOEtpHB+gYuegM1dANqqMGIugRPaNX9GY9WS/Wu/UxbV2wipk99AfW5w8wXJ1L</latexit><latexit sha1_base64="/3JcLTysl4PyJPFRRnHotmKb07I=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiuSiKCboSiC11WsA9oQrmZTNqhM0mYmYgl9BPc+CtuXCji1qU7/8Zpm4W2Hhg495x7uXNPkHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHYCinMW0oZnmtJ1KCiLgtBUMrsZ+655KxZL4Tg9T6gvoxSxiBLSRuvaRF0kguRdSrgF71yAEjIrSU6xnqgvsPbCuXXGqzgR4nrgFqaAC9a795YUJyQSNNeGgVMd1Uu3nIDUjnI7KXqZoCmQAPdoxNAZBlZ9PDhrhQ6OEOEqkebHGE/X3RA5CqaEITKcA3Vez3lj8z+tkOjr3cxanmaYxmS6KMo51gsfp4JBJSjQfGgJEMvNXTPpgEtImw7IJwZ09eZ40T6quU3VvTyu1yyKOEtpHB+gYuegM1dANqqMGIugRPaNX9GY9WS/Wu/UxbV2wipk99AfW5w8wXJ1L</latexit><latexit sha1_base64="/3JcLTysl4PyJPFRRnHotmKb07I=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiuSiKCboSiC11WsA9oQrmZTNqhM0mYmYgl9BPc+CtuXCji1qU7/8Zpm4W2Hhg495x7uXNPkHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHYCinMW0oZnmtJ1KCiLgtBUMrsZ+655KxZL4Tg9T6gvoxSxiBLSRuvaRF0kguRdSrgF71yAEjIrSU6xnqgvsPbCuXXGqzgR4nrgFqaAC9a795YUJyQSNNeGgVMd1Uu3nIDUjnI7KXqZoCmQAPdoxNAZBlZ9PDhrhQ6OEOEqkebHGE/X3RA5CqaEITKcA3Vez3lj8z+tkOjr3cxanmaYxmS6KMo51gsfp4JBJSjQfGgJEMvNXTPpgEtImw7IJwZ09eZ40T6quU3VvTyu1yyKOEtpHB+gYuegM1dANqqMGIugRPaNX9GY9WS/Wu/UxbV2wipk99AfW5w8wXJ1L</latexit><latexit sha1_base64="/3JcLTysl4PyJPFRRnHotmKb07I=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiuSiKCboSiC11WsA9oQrmZTNqhM0mYmYgl9BPc+CtuXCji1qU7/8Zpm4W2Hhg495x7uXNPkHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHYCinMW0oZnmtJ1KCiLgtBUMrsZ+655KxZL4Tg9T6gvoxSxiBLSRuvaRF0kguRdSrgF71yAEjIrSU6xnqgvsPbCuXXGqzgR4nrgFqaAC9a795YUJyQSNNeGgVMd1Uu3nIDUjnI7KXqZoCmQAPdoxNAZBlZ9PDhrhQ6OEOEqkebHGE/X3RA5CqaEITKcA3Vez3lj8z+tkOjr3cxanmaYxmS6KMo51gsfp4JBJSjQfGgJEMvNXTPpgEtImw7IJwZ09eZ40T6quU3VvTyu1yyKOEtpHB+gYuegM1dANqqMGIugRPaNX9GY9WS/Wu/UxbV2wipk99AfW5w8wXJ1L</latexit>

quantum equation of motion noise field

Time evolution of the critical (scalar)      mode �
<latexit sha1_base64="8n3mL0qea5Fd0YGl3HzgbRbAt7g=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZKaVrsrunFZwT6kCWUynbRDZyZhZiKU0K9w40IRt36OO//GSVtBRQ9cOJxzL/feEyaMKu04H1ZhZXVtfaO4Wdra3tndK+8fdFScSkzaOGax7IVIEUYFaWuqGeklkiAeMtINJ1e5370nUtFY3OppQgKORoJGFCNtpDs/jHxFRxwNyhXH9uq1er0KHdutOZ7n5cQ9cxsN6NrOHBWwRGtQfveHMU45ERozpFTfdRIdZEhqihmZlfxUkQThCRqRvqECcaKCbH7wDJ4YZQijWJoSGs7V7xMZ4kpNeWg6OdJj9dvLxb+8fqqjiyCjIkk1EXixKEoZ1DHMv4dDKgnWbGoIwpKaWyEeI4mwNhmVTAhfn8L/SadquyaZG6/SvFzGUQRH4BicAhecgya4Bi3QBhhw8ACewLMlrUfrxXpdtBas5cwh+AHr7RM0qpCs</latexit><latexit sha1_base64="8n3mL0qea5Fd0YGl3HzgbRbAt7g=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZKaVrsrunFZwT6kCWUynbRDZyZhZiKU0K9w40IRt36OO//GSVtBRQ9cOJxzL/feEyaMKu04H1ZhZXVtfaO4Wdra3tndK+8fdFScSkzaOGax7IVIEUYFaWuqGeklkiAeMtINJ1e5370nUtFY3OppQgKORoJGFCNtpDs/jHxFRxwNyhXH9uq1er0KHdutOZ7n5cQ9cxsN6NrOHBWwRGtQfveHMU45ERozpFTfdRIdZEhqihmZlfxUkQThCRqRvqECcaKCbH7wDJ4YZQijWJoSGs7V7xMZ4kpNeWg6OdJj9dvLxb+8fqqjiyCjIkk1EXixKEoZ1DHMv4dDKgnWbGoIwpKaWyEeI4mwNhmVTAhfn8L/SadquyaZG6/SvFzGUQRH4BicAhecgya4Bi3QBhhw8ACewLMlrUfrxXpdtBas5cwh+AHr7RM0qpCs</latexit><latexit sha1_base64="8n3mL0qea5Fd0YGl3HzgbRbAt7g=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZKaVrsrunFZwT6kCWUynbRDZyZhZiKU0K9w40IRt36OO//GSVtBRQ9cOJxzL/feEyaMKu04H1ZhZXVtfaO4Wdra3tndK+8fdFScSkzaOGax7IVIEUYFaWuqGeklkiAeMtINJ1e5370nUtFY3OppQgKORoJGFCNtpDs/jHxFRxwNyhXH9uq1er0KHdutOZ7n5cQ9cxsN6NrOHBWwRGtQfveHMU45ERozpFTfdRIdZEhqihmZlfxUkQThCRqRvqECcaKCbH7wDJ4YZQijWJoSGs7V7xMZ4kpNeWg6OdJj9dvLxb+8fqqjiyCjIkk1EXixKEoZ1DHMv4dDKgnWbGoIwpKaWyEeI4mwNhmVTAhfn8L/SadquyaZG6/SvFzGUQRH4BicAhecgya4Bi3QBhhw8ACewLMlrUfrxXpdtBas5cwh+AHr7RM0qpCs</latexit><latexit sha1_base64="8n3mL0qea5Fd0YGl3HzgbRbAt7g=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZKaVrsrunFZwT6kCWUynbRDZyZhZiKU0K9w40IRt36OO//GSVtBRQ9cOJxzL/feEyaMKu04H1ZhZXVtfaO4Wdra3tndK+8fdFScSkzaOGax7IVIEUYFaWuqGeklkiAeMtINJ1e5370nUtFY3OppQgKORoJGFCNtpDs/jHxFRxwNyhXH9uq1er0KHdutOZ7n5cQ9cxsN6NrOHBWwRGtQfveHMU45ERozpFTfdRIdZEhqihmZlfxUkQThCRqRvqECcaKCbH7wDJ4YZQijWJoSGs7V7xMZ4kpNeWg6OdJj9dvLxb+8fqqjiyCjIkk1EXixKEoZ1DHMv4dDKgnWbGoIwpKaWyEeI4mwNhmVTAhfn8L/SadquyaZG6/SvFzGUQRH4BicAhecgya4Bi3QBhhw8ACewLMlrUfrxXpdtBas5cwh+AHr7RM0qpCs</latexit>

Input from equilibrium low energy effective action of QCD

Re�(2)
� (!, ~p)

<latexit sha1_base64="f95wRKCv8p/kLZTD1KUrpHfmJK0=">AAACFnicbVDLSgNBEJyNrxhfqx69DAYhgobdIOhJBA96jGKikI2hd9JJhszsLjOzQljyFV78FS8eFPEq3vwbJ4+Dr4KGoqqb7q4wEVwbz/t0cjOzc/ML+cXC0vLK6pq7vlHXcaoY1lgsYnUTgkbBI6wZbgTeJApBhgKvw/7pyL++Q6V5HF2ZQYJNCd2IdzgDY6WWu58FStJLHAZ7NDgDKaEVaN6VcJuVKrvDUhBL7MJecIeMJrstt+iVvTHoX+JPSZFMUW25H0E7ZqnEyDABWjd8LzHNDJThTOCwEKQaE2B96GLD0ggk6mY2fmtId6zSpp1Y2YoMHavfJzKQWg9kaDslmJ7+7Y3E/7xGajpHzYxHSWowYpNFnVRQE9NRRrTNFTIjBpYAU9zeSlkPFDBjkyzYEPzfL/8l9UrZ98r+xUHx5HgaR55skW1SIj45JCfknFRJjTByTx7JM3lxHpwn59V5m7TmnOnMJvkB5/0LGyGeCw==</latexit><latexit sha1_base64="f95wRKCv8p/kLZTD1KUrpHfmJK0=">AAACFnicbVDLSgNBEJyNrxhfqx69DAYhgobdIOhJBA96jGKikI2hd9JJhszsLjOzQljyFV78FS8eFPEq3vwbJ4+Dr4KGoqqb7q4wEVwbz/t0cjOzc/ML+cXC0vLK6pq7vlHXcaoY1lgsYnUTgkbBI6wZbgTeJApBhgKvw/7pyL++Q6V5HF2ZQYJNCd2IdzgDY6WWu58FStJLHAZ7NDgDKaEVaN6VcJuVKrvDUhBL7MJecIeMJrstt+iVvTHoX+JPSZFMUW25H0E7ZqnEyDABWjd8LzHNDJThTOCwEKQaE2B96GLD0ggk6mY2fmtId6zSpp1Y2YoMHavfJzKQWg9kaDslmJ7+7Y3E/7xGajpHzYxHSWowYpNFnVRQE9NRRrTNFTIjBpYAU9zeSlkPFDBjkyzYEPzfL/8l9UrZ98r+xUHx5HgaR55skW1SIj45JCfknFRJjTByTx7JM3lxHpwn59V5m7TmnOnMJvkB5/0LGyGeCw==</latexit><latexit sha1_base64="f95wRKCv8p/kLZTD1KUrpHfmJK0=">AAACFnicbVDLSgNBEJyNrxhfqx69DAYhgobdIOhJBA96jGKikI2hd9JJhszsLjOzQljyFV78FS8eFPEq3vwbJ4+Dr4KGoqqb7q4wEVwbz/t0cjOzc/ML+cXC0vLK6pq7vlHXcaoY1lgsYnUTgkbBI6wZbgTeJApBhgKvw/7pyL++Q6V5HF2ZQYJNCd2IdzgDY6WWu58FStJLHAZ7NDgDKaEVaN6VcJuVKrvDUhBL7MJecIeMJrstt+iVvTHoX+JPSZFMUW25H0E7ZqnEyDABWjd8LzHNDJThTOCwEKQaE2B96GLD0ggk6mY2fmtId6zSpp1Y2YoMHavfJzKQWg9kaDslmJ7+7Y3E/7xGajpHzYxHSWowYpNFnVRQE9NRRrTNFTIjBpYAU9zeSlkPFDBjkyzYEPzfL/8l9UrZ98r+xUHx5HgaR55skW1SIj45JCfknFRJjTByTx7JM3lxHpwn59V5m7TmnOnMJvkB5/0LGyGeCw==</latexit><latexit sha1_base64="f95wRKCv8p/kLZTD1KUrpHfmJK0=">AAACFnicbVDLSgNBEJyNrxhfqx69DAYhgobdIOhJBA96jGKikI2hd9JJhszsLjOzQljyFV78FS8eFPEq3vwbJ4+Dr4KGoqqb7q4wEVwbz/t0cjOzc/ML+cXC0vLK6pq7vlHXcaoY1lgsYnUTgkbBI6wZbgTeJApBhgKvw/7pyL++Q6V5HF2ZQYJNCd2IdzgDY6WWu58FStJLHAZ7NDgDKaEVaN6VcJuVKrvDUhBL7MJecIeMJrstt+iVvTHoX+JPSZFMUW25H0E7ZqnEyDABWjd8LzHNDJThTOCwEKQaE2B96GLD0ggk6mY2fmtId6zSpp1Y2YoMHavfJzKQWg9kaDslmJ7+7Y3E/7xGajpHzYxHSWowYpNFnVRQE9NRRrTNFTIjBpYAU9zeSlkPFDBjkyzYEPzfL/8l9UrZ98r+xUHx5HgaR55skW1SIj45JCfknFRJjTByTx7JM3lxHpwn59V5m7TmnOnMJvkB5/0LGyGeCw==</latexit>

Im�(2)
� (!, ~p)

<latexit sha1_base64="hNem3KneY7PsZfq5ZB+e2Me3/go=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoMQQcNuEPQkggf1FsFEIRtD76STDJnZXWZmhbDkK7z4K148KOJVvPk3TpI9+CpoKKq66e4KYsG1cd1PJzczOze/kF8sLC2vrK4V1zcaOkoUwzqLRKRuAtAoeIh1w43Am1ghyEDgdTA4HfvXd6g0j8IrM4yxJaEX8i5nYKzULu6nvpL0Qo78PeqfgZTQ9jXvSbhNy9XdUdmPJPZgz79DRuPddrHkVtwJ6F/iZaREMtTaxQ+/E7FEYmiYAK2bnhubVgrKcCZwVPATjTGwAfSwaWkIEnUrnbw1ojtW6dBupGyFhk7U7xMpSK2HMrCdEkxf//bG4n9eMzHdo1bKwzgxGLLpom4iqInoOCPa4QqZEUNLgClub6WsDwqYsUkWbAje75f/kka14rkV7/KgdHKcxZEnW2SblIlHDskJOSc1UieM3JNH8kxenAfnyXl13qatOSeb2SQ/4Lx/ARlungo=</latexit><latexit sha1_base64="hNem3KneY7PsZfq5ZB+e2Me3/go=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoMQQcNuEPQkggf1FsFEIRtD76STDJnZXWZmhbDkK7z4K148KOJVvPk3TpI9+CpoKKq66e4KYsG1cd1PJzczOze/kF8sLC2vrK4V1zcaOkoUwzqLRKRuAtAoeIh1w43Am1ghyEDgdTA4HfvXd6g0j8IrM4yxJaEX8i5nYKzULu6nvpL0Qo78PeqfgZTQ9jXvSbhNy9XdUdmPJPZgz79DRuPddrHkVtwJ6F/iZaREMtTaxQ+/E7FEYmiYAK2bnhubVgrKcCZwVPATjTGwAfSwaWkIEnUrnbw1ojtW6dBupGyFhk7U7xMpSK2HMrCdEkxf//bG4n9eMzHdo1bKwzgxGLLpom4iqInoOCPa4QqZEUNLgClub6WsDwqYsUkWbAje75f/kka14rkV7/KgdHKcxZEnW2SblIlHDskJOSc1UieM3JNH8kxenAfnyXl13qatOSeb2SQ/4Lx/ARlungo=</latexit><latexit sha1_base64="hNem3KneY7PsZfq5ZB+e2Me3/go=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoMQQcNuEPQkggf1FsFEIRtD76STDJnZXWZmhbDkK7z4K148KOJVvPk3TpI9+CpoKKq66e4KYsG1cd1PJzczOze/kF8sLC2vrK4V1zcaOkoUwzqLRKRuAtAoeIh1w43Am1ghyEDgdTA4HfvXd6g0j8IrM4yxJaEX8i5nYKzULu6nvpL0Qo78PeqfgZTQ9jXvSbhNy9XdUdmPJPZgz79DRuPddrHkVtwJ6F/iZaREMtTaxQ+/E7FEYmiYAK2bnhubVgrKcCZwVPATjTGwAfSwaWkIEnUrnbw1ojtW6dBupGyFhk7U7xMpSK2HMrCdEkxf//bG4n9eMzHdo1bKwzgxGLLpom4iqInoOCPa4QqZEUNLgClub6WsDwqYsUkWbAje75f/kka14rkV7/KgdHKcxZEnW2SblIlHDskJOSc1UieM3JNH8kxenAfnyXl13qatOSeb2SQ/4Lx/ARlungo=</latexit><latexit sha1_base64="hNem3KneY7PsZfq5ZB+e2Me3/go=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoMQQcNuEPQkggf1FsFEIRtD76STDJnZXWZmhbDkK7z4K148KOJVvPk3TpI9+CpoKKq66e4KYsG1cd1PJzczOze/kF8sLC2vrK4V1zcaOkoUwzqLRKRuAtAoeIh1w43Am1ghyEDgdTA4HfvXd6g0j8IrM4yxJaEX8i5nYKzULu6nvpL0Qo78PeqfgZTQ9jXvSbhNy9XdUdmPJPZgz79DRuPddrHkVtwJ6F/iZaREMtTaxQ+/E7FEYmiYAK2bnhubVgrKcCZwVPATjTGwAfSwaWkIEnUrnbw1ojtW6dBupGyFhk7U7xMpSK2HMrCdEkxf//bG4n9eMzHdo1bKwzgxGLLpom4iqInoOCPa4QqZEUNLgClub6WsDwqYsUkWbAje75f/kka14rkV7/KgdHKcxZEnW2SblIlHDskJOSc1UieM3JNH8kxenAfnyXl13qatOSeb2SQ/4Lx/ARlungo=</latexit>

U(�)
<latexit sha1_base64="/Bg6bgobasY4DuIiVKlg0nmugGI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigp6k4MVjBdNW2lA22027dHcTdjdCCf0VXjwo4tWf481/4zbNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ7dzv/NElWaxfDDThAYCjySLGMHGSo9+va/ZSODzQbXmNtwcaJV4BalBgdag+tUfxiQVVBrCsdY9z01MkGFlGOF0VumnmiaYTPCI9iyVWFAdZPnBM3RmlSGKYmVLGpSrvycyLLSeitB2CmzGetmbi/95vdRE10HGZJIaKsliUZRyZGI0/x4NmaLE8KklmChmb0VkjBUmxmZUsSF4yy+vkvZFw3Mb3v1lrXlTxFGGEziFOnhwBU24gxb4QEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQvej+M=</latexit><latexit sha1_base64="/Bg6bgobasY4DuIiVKlg0nmugGI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigp6k4MVjBdNW2lA22027dHcTdjdCCf0VXjwo4tWf481/4zbNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ7dzv/NElWaxfDDThAYCjySLGMHGSo9+va/ZSODzQbXmNtwcaJV4BalBgdag+tUfxiQVVBrCsdY9z01MkGFlGOF0VumnmiaYTPCI9iyVWFAdZPnBM3RmlSGKYmVLGpSrvycyLLSeitB2CmzGetmbi/95vdRE10HGZJIaKsliUZRyZGI0/x4NmaLE8KklmChmb0VkjBUmxmZUsSF4yy+vkvZFw3Mb3v1lrXlTxFGGEziFOnhwBU24gxb4QEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQvej+M=</latexit><latexit sha1_base64="/Bg6bgobasY4DuIiVKlg0nmugGI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigp6k4MVjBdNW2lA22027dHcTdjdCCf0VXjwo4tWf481/4zbNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ7dzv/NElWaxfDDThAYCjySLGMHGSo9+va/ZSODzQbXmNtwcaJV4BalBgdag+tUfxiQVVBrCsdY9z01MkGFlGOF0VumnmiaYTPCI9iyVWFAdZPnBM3RmlSGKYmVLGpSrvycyLLSeitB2CmzGetmbi/95vdRE10HGZJIaKsliUZRyZGI0/x4NmaLE8KklmChmb0VkjBUmxmZUsSF4yy+vkvZFw3Mb3v1lrXlTxFGGEziFOnhwBU24gxb4QEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQvej+M=</latexit><latexit sha1_base64="/Bg6bgobasY4DuIiVKlg0nmugGI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigp6k4MVjBdNW2lA22027dHcTdjdCCf0VXjwo4tWf481/4zbNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ7dzv/NElWaxfDDThAYCjySLGMHGSo9+va/ZSODzQbXmNtwcaJV4BalBgdag+tUfxiQVVBrCsdY9z01MkGFlGOF0VumnmiaYTPCI9iyVWFAdZPnBM3RmlSGKYmVLGpSrvycyLLSeitB2CmzGetmbi/95vdRE10HGZJIaKsliUZRyZGI0/x4NmaLE8KklmChmb0VkjBUmxmZUsSF4yy+vkvZFw3Mb3v1lrXlTxFGGEziFOnhwBU24gxb4QEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQvej+M=</latexit>

kinetic term effective potentialdiffusion term ⌘ @t�
<latexit sha1_base64="SfNX0iyPG3zXbFwghm4OYty+lGY=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYCHhTgStJGBjGcF8QC4cc5tNsmRv79idE0JI41+xsVDE1p9h579xL7lCEx8MPN6b2Z15YSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1OwTDpVC8gQIlbyeaQxRK3gpHt5nfeuTaiFg94Djh3QgGSvQFA7RSUD7yOYJ/7iegUYAMkPpGDCIIyhW36s5Al4mXkwrJUQ/KX34vZmnEFTIJxnQ8N8HuJHuWST4t+anhCbARDHjHUgURN93J7IApPbVKj/ZjbUshnam/JyYQGTOOQtsZAQ7NopeJ/3mdFPvX3YlQSYpcsflH/VRSjGmWBu0JzRnKsSXAtLC7UjYEDQxtZiUbgrd48jJpXlQ9t+rdX1ZqN3kcRXJMTsgZ8cgVqZE7UicNwsiUPJNX8uY8OS/Ou/Mxby04+cwh+QPn8weDjpZU</latexit><latexit sha1_base64="SfNX0iyPG3zXbFwghm4OYty+lGY=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYCHhTgStJGBjGcF8QC4cc5tNsmRv79idE0JI41+xsVDE1p9h579xL7lCEx8MPN6b2Z15YSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1OwTDpVC8gQIlbyeaQxRK3gpHt5nfeuTaiFg94Djh3QgGSvQFA7RSUD7yOYJ/7iegUYAMkPpGDCIIyhW36s5Al4mXkwrJUQ/KX34vZmnEFTIJxnQ8N8HuJHuWST4t+anhCbARDHjHUgURN93J7IApPbVKj/ZjbUshnam/JyYQGTOOQtsZAQ7NopeJ/3mdFPvX3YlQSYpcsflH/VRSjGmWBu0JzRnKsSXAtLC7UjYEDQxtZiUbgrd48jJpXlQ9t+rdX1ZqN3kcRXJMTsgZ8cgVqZE7UicNwsiUPJNX8uY8OS/Ou/Mxby04+cwh+QPn8weDjpZU</latexit><latexit sha1_base64="SfNX0iyPG3zXbFwghm4OYty+lGY=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYCHhTgStJGBjGcF8QC4cc5tNsmRv79idE0JI41+xsVDE1p9h579xL7lCEx8MPN6b2Z15YSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1OwTDpVC8gQIlbyeaQxRK3gpHt5nfeuTaiFg94Djh3QgGSvQFA7RSUD7yOYJ/7iegUYAMkPpGDCIIyhW36s5Al4mXkwrJUQ/KX34vZmnEFTIJxnQ8N8HuJHuWST4t+anhCbARDHjHUgURN93J7IApPbVKj/ZjbUshnam/JyYQGTOOQtsZAQ7NopeJ/3mdFPvX3YlQSYpcsflH/VRSjGmWBu0JzRnKsSXAtLC7UjYEDQxtZiUbgrd48jJpXlQ9t+rdX1ZqN3kcRXJMTsgZ8cgVqZE7UicNwsiUPJNX8uY8OS/Ou/Mxby04+cwh+QPn8weDjpZU</latexit><latexit sha1_base64="SfNX0iyPG3zXbFwghm4OYty+lGY=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYCHhTgStJGBjGcF8QC4cc5tNsmRv79idE0JI41+xsVDE1p9h579xL7lCEx8MPN6b2Z15YSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1OwTDpVC8gQIlbyeaQxRK3gpHt5nfeuTaiFg94Djh3QgGSvQFA7RSUD7yOYJ/7iegUYAMkPpGDCIIyhW36s5Al4mXkwrJUQ/KX34vZmnEFTIJxnQ8N8HuJHuWST4t+anhCbARDHjHUgURN93J7IApPbVKj/ZjbUshnam/JyYQGTOOQtsZAQ7NopeJ/3mdFPvX3YlQSYpcsflH/VRSjGmWBu0JzRnKsSXAtLC7UjYEDQxtZiUbgrd48jJpXlQ9t+rdX1ZqN3kcRXJMTsgZ8cgVqZE7UicNwsiUPJNX8uY8OS/Ou/Mxby04+cwh+QPn8weDjpZU</latexit>

Blum, Jiang, Mitter, Nahrgang, JMP, Rennecke, Wink

Phase structure of low energy QCD

Schaefer, Rennecke, PRD 96 (2017) 1, 016009 

2+1 flavour quark-meson model



Transport approach to QCD
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��
= ⇠

<latexit sha1_base64="/3JcLTysl4PyJPFRRnHotmKb07I=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiuSiKCboSiC11WsA9oQrmZTNqhM0mYmYgl9BPc+CtuXCji1qU7/8Zpm4W2Hhg495x7uXNPkHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHYCinMW0oZnmtJ1KCiLgtBUMrsZ+655KxZL4Tg9T6gvoxSxiBLSRuvaRF0kguRdSrgF71yAEjIrSU6xnqgvsPbCuXXGqzgR4nrgFqaAC9a795YUJyQSNNeGgVMd1Uu3nIDUjnI7KXqZoCmQAPdoxNAZBlZ9PDhrhQ6OEOEqkebHGE/X3RA5CqaEITKcA3Vez3lj8z+tkOjr3cxanmaYxmS6KMo51gsfp4JBJSjQfGgJEMvNXTPpgEtImw7IJwZ09eZ40T6quU3VvTyu1yyKOEtpHB+gYuegM1dANqqMGIugRPaNX9GY9WS/Wu/UxbV2wipk99AfW5w8wXJ1L</latexit><latexit sha1_base64="/3JcLTysl4PyJPFRRnHotmKb07I=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiuSiKCboSiC11WsA9oQrmZTNqhM0mYmYgl9BPc+CtuXCji1qU7/8Zpm4W2Hhg495x7uXNPkHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHYCinMW0oZnmtJ1KCiLgtBUMrsZ+655KxZL4Tg9T6gvoxSxiBLSRuvaRF0kguRdSrgF71yAEjIrSU6xnqgvsPbCuXXGqzgR4nrgFqaAC9a795YUJyQSNNeGgVMd1Uu3nIDUjnI7KXqZoCmQAPdoxNAZBlZ9PDhrhQ6OEOEqkebHGE/X3RA5CqaEITKcA3Vez3lj8z+tkOjr3cxanmaYxmS6KMo51gsfp4JBJSjQfGgJEMvNXTPpgEtImw7IJwZ09eZ40T6quU3VvTyu1yyKOEtpHB+gYuegM1dANqqMGIugRPaNX9GY9WS/Wu/UxbV2wipk99AfW5w8wXJ1L</latexit><latexit sha1_base64="/3JcLTysl4PyJPFRRnHotmKb07I=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiuSiKCboSiC11WsA9oQrmZTNqhM0mYmYgl9BPc+CtuXCji1qU7/8Zpm4W2Hhg495x7uXNPkHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHYCinMW0oZnmtJ1KCiLgtBUMrsZ+655KxZL4Tg9T6gvoxSxiBLSRuvaRF0kguRdSrgF71yAEjIrSU6xnqgvsPbCuXXGqzgR4nrgFqaAC9a795YUJyQSNNeGgVMd1Uu3nIDUjnI7KXqZoCmQAPdoxNAZBlZ9PDhrhQ6OEOEqkebHGE/X3RA5CqaEITKcA3Vez3lj8z+tkOjr3cxanmaYxmS6KMo51gsfp4JBJSjQfGgJEMvNXTPpgEtImw7IJwZ09eZ40T6quU3VvTyu1yyKOEtpHB+gYuegM1dANqqMGIugRPaNX9GY9WS/Wu/UxbV2wipk99AfW5w8wXJ1L</latexit><latexit sha1_base64="/3JcLTysl4PyJPFRRnHotmKb07I=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiuSiKCboSiC11WsA9oQrmZTNqhM0mYmYgl9BPc+CtuXCji1qU7/8Zpm4W2Hhg495x7uXNPkHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHYCinMW0oZnmtJ1KCiLgtBUMrsZ+655KxZL4Tg9T6gvoxSxiBLSRuvaRF0kguRdSrgF71yAEjIrSU6xnqgvsPbCuXXGqzgR4nrgFqaAC9a795YUJyQSNNeGgVMd1Uu3nIDUjnI7KXqZoCmQAPdoxNAZBlZ9PDhrhQ6OEOEqkebHGE/X3RA5CqaEITKcA3Vez3lj8z+tkOjr3cxanmaYxmS6KMo51gsfp4JBJSjQfGgJEMvNXTPpgEtImw7IJwZ09eZ40T6quU3VvTyu1yyKOEtpHB+gYuegM1dANqqMGIugRPaNX9GY9WS/Wu/UxbV2wipk99AfW5w8wXJ1L</latexit>

quantum equation of motion noise field

Time evolution of the critical (scalar)      mode �
<latexit sha1_base64="8n3mL0qea5Fd0YGl3HzgbRbAt7g=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZKaVrsrunFZwT6kCWUynbRDZyZhZiKU0K9w40IRt36OO//GSVtBRQ9cOJxzL/feEyaMKu04H1ZhZXVtfaO4Wdra3tndK+8fdFScSkzaOGax7IVIEUYFaWuqGeklkiAeMtINJ1e5370nUtFY3OppQgKORoJGFCNtpDs/jHxFRxwNyhXH9uq1er0KHdutOZ7n5cQ9cxsN6NrOHBWwRGtQfveHMU45ERozpFTfdRIdZEhqihmZlfxUkQThCRqRvqECcaKCbH7wDJ4YZQijWJoSGs7V7xMZ4kpNeWg6OdJj9dvLxb+8fqqjiyCjIkk1EXixKEoZ1DHMv4dDKgnWbGoIwpKaWyEeI4mwNhmVTAhfn8L/SadquyaZG6/SvFzGUQRH4BicAhecgya4Bi3QBhhw8ACewLMlrUfrxXpdtBas5cwh+AHr7RM0qpCs</latexit><latexit sha1_base64="8n3mL0qea5Fd0YGl3HzgbRbAt7g=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZKaVrsrunFZwT6kCWUynbRDZyZhZiKU0K9w40IRt36OO//GSVtBRQ9cOJxzL/feEyaMKu04H1ZhZXVtfaO4Wdra3tndK+8fdFScSkzaOGax7IVIEUYFaWuqGeklkiAeMtINJ1e5370nUtFY3OppQgKORoJGFCNtpDs/jHxFRxwNyhXH9uq1er0KHdutOZ7n5cQ9cxsN6NrOHBWwRGtQfveHMU45ERozpFTfdRIdZEhqihmZlfxUkQThCRqRvqECcaKCbH7wDJ4YZQijWJoSGs7V7xMZ4kpNeWg6OdJj9dvLxb+8fqqjiyCjIkk1EXixKEoZ1DHMv4dDKgnWbGoIwpKaWyEeI4mwNhmVTAhfn8L/SadquyaZG6/SvFzGUQRH4BicAhecgya4Bi3QBhhw8ACewLMlrUfrxXpdtBas5cwh+AHr7RM0qpCs</latexit><latexit sha1_base64="8n3mL0qea5Fd0YGl3HzgbRbAt7g=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZKaVrsrunFZwT6kCWUynbRDZyZhZiKU0K9w40IRt36OO//GSVtBRQ9cOJxzL/feEyaMKu04H1ZhZXVtfaO4Wdra3tndK+8fdFScSkzaOGax7IVIEUYFaWuqGeklkiAeMtINJ1e5370nUtFY3OppQgKORoJGFCNtpDs/jHxFRxwNyhXH9uq1er0KHdutOZ7n5cQ9cxsN6NrOHBWwRGtQfveHMU45ERozpFTfdRIdZEhqihmZlfxUkQThCRqRvqECcaKCbH7wDJ4YZQijWJoSGs7V7xMZ4kpNeWg6OdJj9dvLxb+8fqqjiyCjIkk1EXixKEoZ1DHMv4dDKgnWbGoIwpKaWyEeI4mwNhmVTAhfn8L/SadquyaZG6/SvFzGUQRH4BicAhecgya4Bi3QBhhw8ACewLMlrUfrxXpdtBas5cwh+AHr7RM0qpCs</latexit><latexit sha1_base64="8n3mL0qea5Fd0YGl3HzgbRbAt7g=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZKaVrsrunFZwT6kCWUynbRDZyZhZiKU0K9w40IRt36OO//GSVtBRQ9cOJxzL/feEyaMKu04H1ZhZXVtfaO4Wdra3tndK+8fdFScSkzaOGax7IVIEUYFaWuqGeklkiAeMtINJ1e5370nUtFY3OppQgKORoJGFCNtpDs/jHxFRxwNyhXH9uq1er0KHdutOZ7n5cQ9cxsN6NrOHBWwRGtQfveHMU45ERozpFTfdRIdZEhqihmZlfxUkQThCRqRvqECcaKCbH7wDJ4YZQijWJoSGs7V7xMZ4kpNeWg6OdJj9dvLxb+8fqqjiyCjIkk1EXixKEoZ1DHMv4dDKgnWbGoIwpKaWyEeI4mwNhmVTAhfn8L/SadquyaZG6/SvFzGUQRH4BicAhecgya4Bi3QBhhw8ACewLMlrUfrxXpdtBas5cwh+AHr7RM0qpCs</latexit>

Input from equilibrium low energy effective action of QCD

Re�(2)
� (!, ~p)

<latexit sha1_base64="f95wRKCv8p/kLZTD1KUrpHfmJK0=">AAACFnicbVDLSgNBEJyNrxhfqx69DAYhgobdIOhJBA96jGKikI2hd9JJhszsLjOzQljyFV78FS8eFPEq3vwbJ4+Dr4KGoqqb7q4wEVwbz/t0cjOzc/ML+cXC0vLK6pq7vlHXcaoY1lgsYnUTgkbBI6wZbgTeJApBhgKvw/7pyL++Q6V5HF2ZQYJNCd2IdzgDY6WWu58FStJLHAZ7NDgDKaEVaN6VcJuVKrvDUhBL7MJecIeMJrstt+iVvTHoX+JPSZFMUW25H0E7ZqnEyDABWjd8LzHNDJThTOCwEKQaE2B96GLD0ggk6mY2fmtId6zSpp1Y2YoMHavfJzKQWg9kaDslmJ7+7Y3E/7xGajpHzYxHSWowYpNFnVRQE9NRRrTNFTIjBpYAU9zeSlkPFDBjkyzYEPzfL/8l9UrZ98r+xUHx5HgaR55skW1SIj45JCfknFRJjTByTx7JM3lxHpwn59V5m7TmnOnMJvkB5/0LGyGeCw==</latexit><latexit sha1_base64="f95wRKCv8p/kLZTD1KUrpHfmJK0=">AAACFnicbVDLSgNBEJyNrxhfqx69DAYhgobdIOhJBA96jGKikI2hd9JJhszsLjOzQljyFV78FS8eFPEq3vwbJ4+Dr4KGoqqb7q4wEVwbz/t0cjOzc/ML+cXC0vLK6pq7vlHXcaoY1lgsYnUTgkbBI6wZbgTeJApBhgKvw/7pyL++Q6V5HF2ZQYJNCd2IdzgDY6WWu58FStJLHAZ7NDgDKaEVaN6VcJuVKrvDUhBL7MJecIeMJrstt+iVvTHoX+JPSZFMUW25H0E7ZqnEyDABWjd8LzHNDJThTOCwEKQaE2B96GLD0ggk6mY2fmtId6zSpp1Y2YoMHavfJzKQWg9kaDslmJ7+7Y3E/7xGajpHzYxHSWowYpNFnVRQE9NRRrTNFTIjBpYAU9zeSlkPFDBjkyzYEPzfL/8l9UrZ98r+xUHx5HgaR55skW1SIj45JCfknFRJjTByTx7JM3lxHpwn59V5m7TmnOnMJvkB5/0LGyGeCw==</latexit><latexit sha1_base64="f95wRKCv8p/kLZTD1KUrpHfmJK0=">AAACFnicbVDLSgNBEJyNrxhfqx69DAYhgobdIOhJBA96jGKikI2hd9JJhszsLjOzQljyFV78FS8eFPEq3vwbJ4+Dr4KGoqqb7q4wEVwbz/t0cjOzc/ML+cXC0vLK6pq7vlHXcaoY1lgsYnUTgkbBI6wZbgTeJApBhgKvw/7pyL++Q6V5HF2ZQYJNCd2IdzgDY6WWu58FStJLHAZ7NDgDKaEVaN6VcJuVKrvDUhBL7MJecIeMJrstt+iVvTHoX+JPSZFMUW25H0E7ZqnEyDABWjd8LzHNDJThTOCwEKQaE2B96GLD0ggk6mY2fmtId6zSpp1Y2YoMHavfJzKQWg9kaDslmJ7+7Y3E/7xGajpHzYxHSWowYpNFnVRQE9NRRrTNFTIjBpYAU9zeSlkPFDBjkyzYEPzfL/8l9UrZ98r+xUHx5HgaR55skW1SIj45JCfknFRJjTByTx7JM3lxHpwn59V5m7TmnOnMJvkB5/0LGyGeCw==</latexit><latexit sha1_base64="f95wRKCv8p/kLZTD1KUrpHfmJK0=">AAACFnicbVDLSgNBEJyNrxhfqx69DAYhgobdIOhJBA96jGKikI2hd9JJhszsLjOzQljyFV78FS8eFPEq3vwbJ4+Dr4KGoqqb7q4wEVwbz/t0cjOzc/ML+cXC0vLK6pq7vlHXcaoY1lgsYnUTgkbBI6wZbgTeJApBhgKvw/7pyL++Q6V5HF2ZQYJNCd2IdzgDY6WWu58FStJLHAZ7NDgDKaEVaN6VcJuVKrvDUhBL7MJecIeMJrstt+iVvTHoX+JPSZFMUW25H0E7ZqnEyDABWjd8LzHNDJThTOCwEKQaE2B96GLD0ggk6mY2fmtId6zSpp1Y2YoMHavfJzKQWg9kaDslmJ7+7Y3E/7xGajpHzYxHSWowYpNFnVRQE9NRRrTNFTIjBpYAU9zeSlkPFDBjkyzYEPzfL/8l9UrZ98r+xUHx5HgaR55skW1SIj45JCfknFRJjTByTx7JM3lxHpwn59V5m7TmnOnMJvkB5/0LGyGeCw==</latexit>

Im�(2)
� (!, ~p)

<latexit sha1_base64="hNem3KneY7PsZfq5ZB+e2Me3/go=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoMQQcNuEPQkggf1FsFEIRtD76STDJnZXWZmhbDkK7z4K148KOJVvPk3TpI9+CpoKKq66e4KYsG1cd1PJzczOze/kF8sLC2vrK4V1zcaOkoUwzqLRKRuAtAoeIh1w43Am1ghyEDgdTA4HfvXd6g0j8IrM4yxJaEX8i5nYKzULu6nvpL0Qo78PeqfgZTQ9jXvSbhNy9XdUdmPJPZgz79DRuPddrHkVtwJ6F/iZaREMtTaxQ+/E7FEYmiYAK2bnhubVgrKcCZwVPATjTGwAfSwaWkIEnUrnbw1ojtW6dBupGyFhk7U7xMpSK2HMrCdEkxf//bG4n9eMzHdo1bKwzgxGLLpom4iqInoOCPa4QqZEUNLgClub6WsDwqYsUkWbAje75f/kka14rkV7/KgdHKcxZEnW2SblIlHDskJOSc1UieM3JNH8kxenAfnyXl13qatOSeb2SQ/4Lx/ARlungo=</latexit><latexit sha1_base64="hNem3KneY7PsZfq5ZB+e2Me3/go=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoMQQcNuEPQkggf1FsFEIRtD76STDJnZXWZmhbDkK7z4K148KOJVvPk3TpI9+CpoKKq66e4KYsG1cd1PJzczOze/kF8sLC2vrK4V1zcaOkoUwzqLRKRuAtAoeIh1w43Am1ghyEDgdTA4HfvXd6g0j8IrM4yxJaEX8i5nYKzULu6nvpL0Qo78PeqfgZTQ9jXvSbhNy9XdUdmPJPZgz79DRuPddrHkVtwJ6F/iZaREMtTaxQ+/E7FEYmiYAK2bnhubVgrKcCZwVPATjTGwAfSwaWkIEnUrnbw1ojtW6dBupGyFhk7U7xMpSK2HMrCdEkxf//bG4n9eMzHdo1bKwzgxGLLpom4iqInoOCPa4QqZEUNLgClub6WsDwqYsUkWbAje75f/kka14rkV7/KgdHKcxZEnW2SblIlHDskJOSc1UieM3JNH8kxenAfnyXl13qatOSeb2SQ/4Lx/ARlungo=</latexit><latexit sha1_base64="hNem3KneY7PsZfq5ZB+e2Me3/go=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoMQQcNuEPQkggf1FsFEIRtD76STDJnZXWZmhbDkK7z4K148KOJVvPk3TpI9+CpoKKq66e4KYsG1cd1PJzczOze/kF8sLC2vrK4V1zcaOkoUwzqLRKRuAtAoeIh1w43Am1ghyEDgdTA4HfvXd6g0j8IrM4yxJaEX8i5nYKzULu6nvpL0Qo78PeqfgZTQ9jXvSbhNy9XdUdmPJPZgz79DRuPddrHkVtwJ6F/iZaREMtTaxQ+/E7FEYmiYAK2bnhubVgrKcCZwVPATjTGwAfSwaWkIEnUrnbw1ojtW6dBupGyFhk7U7xMpSK2HMrCdEkxf//bG4n9eMzHdo1bKwzgxGLLpom4iqInoOCPa4QqZEUNLgClub6WsDwqYsUkWbAje75f/kka14rkV7/KgdHKcxZEnW2SblIlHDskJOSc1UieM3JNH8kxenAfnyXl13qatOSeb2SQ/4Lx/ARlungo=</latexit><latexit sha1_base64="hNem3KneY7PsZfq5ZB+e2Me3/go=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoMQQcNuEPQkggf1FsFEIRtD76STDJnZXWZmhbDkK7z4K148KOJVvPk3TpI9+CpoKKq66e4KYsG1cd1PJzczOze/kF8sLC2vrK4V1zcaOkoUwzqLRKRuAtAoeIh1w43Am1ghyEDgdTA4HfvXd6g0j8IrM4yxJaEX8i5nYKzULu6nvpL0Qo78PeqfgZTQ9jXvSbhNy9XdUdmPJPZgz79DRuPddrHkVtwJ6F/iZaREMtTaxQ+/E7FEYmiYAK2bnhubVgrKcCZwVPATjTGwAfSwaWkIEnUrnbw1ojtW6dBupGyFhk7U7xMpSK2HMrCdEkxf//bG4n9eMzHdo1bKwzgxGLLpom4iqInoOCPa4QqZEUNLgClub6WsDwqYsUkWbAje75f/kka14rkV7/KgdHKcxZEnW2SblIlHDskJOSc1UieM3JNH8kxenAfnyXl13qatOSeb2SQ/4Lx/ARlungo=</latexit>

U(�)
<latexit sha1_base64="/Bg6bgobasY4DuIiVKlg0nmugGI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigp6k4MVjBdNW2lA22027dHcTdjdCCf0VXjwo4tWf481/4zbNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ7dzv/NElWaxfDDThAYCjySLGMHGSo9+va/ZSODzQbXmNtwcaJV4BalBgdag+tUfxiQVVBrCsdY9z01MkGFlGOF0VumnmiaYTPCI9iyVWFAdZPnBM3RmlSGKYmVLGpSrvycyLLSeitB2CmzGetmbi/95vdRE10HGZJIaKsliUZRyZGI0/x4NmaLE8KklmChmb0VkjBUmxmZUsSF4yy+vkvZFw3Mb3v1lrXlTxFGGEziFOnhwBU24gxb4QEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQvej+M=</latexit><latexit sha1_base64="/Bg6bgobasY4DuIiVKlg0nmugGI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigp6k4MVjBdNW2lA22027dHcTdjdCCf0VXjwo4tWf481/4zbNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ7dzv/NElWaxfDDThAYCjySLGMHGSo9+va/ZSODzQbXmNtwcaJV4BalBgdag+tUfxiQVVBrCsdY9z01MkGFlGOF0VumnmiaYTPCI9iyVWFAdZPnBM3RmlSGKYmVLGpSrvycyLLSeitB2CmzGetmbi/95vdRE10HGZJIaKsliUZRyZGI0/x4NmaLE8KklmChmb0VkjBUmxmZUsSF4yy+vkvZFw3Mb3v1lrXlTxFGGEziFOnhwBU24gxb4QEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQvej+M=</latexit><latexit sha1_base64="/Bg6bgobasY4DuIiVKlg0nmugGI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigp6k4MVjBdNW2lA22027dHcTdjdCCf0VXjwo4tWf481/4zbNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ7dzv/NElWaxfDDThAYCjySLGMHGSo9+va/ZSODzQbXmNtwcaJV4BalBgdag+tUfxiQVVBrCsdY9z01MkGFlGOF0VumnmiaYTPCI9iyVWFAdZPnBM3RmlSGKYmVLGpSrvycyLLSeitB2CmzGetmbi/95vdRE10HGZJIaKsliUZRyZGI0/x4NmaLE8KklmChmb0VkjBUmxmZUsSF4yy+vkvZFw3Mb3v1lrXlTxFGGEziFOnhwBU24gxb4QEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQvej+M=</latexit><latexit sha1_base64="/Bg6bgobasY4DuIiVKlg0nmugGI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigp6k4MVjBdNW2lA22027dHcTdjdCCf0VXjwo4tWf481/4zbNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ7dzv/NElWaxfDDThAYCjySLGMHGSo9+va/ZSODzQbXmNtwcaJV4BalBgdag+tUfxiQVVBrCsdY9z01MkGFlGOF0VumnmiaYTPCI9iyVWFAdZPnBM3RmlSGKYmVLGpSrvycyLLSeitB2CmzGetmbi/95vdRE10HGZJIaKsliUZRyZGI0/x4NmaLE8KklmChmb0VkjBUmxmZUsSF4yy+vkvZFw3Mb3v1lrXlTxFGGEziFOnhwBU24gxb4QEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQvej+M=</latexit>

kinetic term effective potentialdiffusion term ⌘ @t�
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Phase structure of low energy QCD
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2+1 flavour quark-meson model



Pion & sigma spectral functions

Sigma & Pion spectral functions
Show case in linear sigma model

JMP, Strodthoff, Wink, arXiv:1711.07444

Flörchinger JHEP 1205 (2012) 021  

Kamikado, Strodthoff, von Smekal, Wambach, EPJC 74 (2014) 2806

JMP, Strodthoff, PRD 92 (2015) 094009 

Real-time FRG computations, e.g.



Pion & sigma spectral functions

Sigma & Pion spectral functions
Show case in linear sigma model

JMP, Strodthoff, Wink, arXiv:1711.07444

Sigma spectral function

JMP, Rennecke, Wink, in prep

2+1 flavour quark-meson model sigma spectral function
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2+1 flavour quark-meson model sigma spectral function
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Time evolution of cumulants  

T = 80 MeV
μ = 0 MeV
T = 80 MeV
μ = 200 MeV
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nth central moment of the sigma field:  �n
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Time evolution of kurtosis
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Equilibration time phase structure  

Equilibration time of sigma-kurtosis 

nth central moment of the sigma field:  �n
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Equilibration time phase structure  

Equilibration time of sigma-kurtosis 

nth central moment of the sigma field:  �n
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Luo, Cu, NST 28 (2017)

kurtosis of baryon number fluctuations

Fu, JMP, Schaefer, Rennecke, PRD 94 (2016) 11, 116020 
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QCD-assisted hydrodynamics



QCD-assisted hydrodynamics

HIC ‘phases’

noise field
Far from equilibrium initial phase

effective potential

QCD-assisted transport

Dubla, Masciocchi, JMP, Schenke, Shen, Stachel, arXiv:1805.02985

Kinetic phase

Hydrodynamical phase

Hadronisation & freeze out 

Hydro with QCD transport coefficients

Equilibrium transport coefficients

‘Steady-state’ hydro

Constraints for the other phases
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Dynamics
spectral functions

Single particle spectral functions

T=100 MeV - 1 GeV

FRG+MEM

Haas, Fister, JMP, PRD 90 (2014) 091501

T=1.44  TC
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chromo-magnetic

chromo-magnetic

⇢(p) = 2 ImhAAiret(p)
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novel analytic IR (& UV) behaviour and qualitatively refined reconstruction

T= 0

gluon spectral function at vanishing temperature

Cyrol, JMP, Rothkopf, Wink, arXiv:1804.00945
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Single particle spectral functions

⇢(p) = 2 ImhAAiret(p)
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novel analytic IR (& UV) behaviour and qualitatively refined reconstruction

T= 0

gluon spectral function at vanishing temperature

Cyrol, JMP, Rothkopf, Wink, arXiv:1804.00945

‘Those are my methods (principles), and if you 
don’t like them...well, I have others’

Groucho Marx
direct computation

Real-time FRG: wait 5 minutes
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Transport coefficients

‘3-loop’ exact functional relation for ⇢⇡⇡

1 & 2-loop terms
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D E F

Haas, Fister, JMP, PRD 90 (2014) 091501

 Christiansen, Haas, JMP, Strodthoff, PRL 115 (2015) 112002

viscosity over entropy ratio in Yang-Mills theory
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Gluon spectral function
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One Loop

Two Loop

AdS /CFT

H.Meyer (2007 /2009 )
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Yang-Mills viscosity over entropy ratio

Aiming at apparent convergence

viscosity over entropy ratio in Yang-Mills theory

recent lattice results: Astrakhantsev, Braguta, Kotov, JHEP 1704 (2017) 101                                                                            
                                                                                                               arXiv:1804.02382
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aqgp ⇡ 0.15

ahrg ⇡ 0.14

�grg ⇡ 5
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QCD result
YM result
HRG/pert
KSS
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QCD-assisted hydrodynamics
Dubla, Masciocchi, JMP, Schenke, Shen, Stachel, arXiv:1805.02985
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 = 2.76 TeVNNsPb-Pb, 

⌘/s(T ) ! ⌘/s(T ) + d
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Test of systematic error

as function of centralityvn
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QCD-assisted hydrodynamics
Dubla, Masciocchi, JMP, Schenke, Shen, Stachel, arXiv:1805.02985
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Test of systematic error
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as function of vn
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Normalisation!?

IP-Glasma - MUSIC - UrQMD



QCD-assisted hydrodynamics
Dubla, Masciocchi, JMP, Schenke, Shen, Stachel, arXiv:1805.02985
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 = 2.76 TeVNNsPb-Pb, 

⌘/s(T ) ! ⌘/s(T ) + d
<latexit sha1_base64="yRTTdyz3ojrRxjxwcFnCQhAnxb0=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxCRagzIuhKCm5cVugLOkPJZDJtaOZBkhHK0IUbf8WNC0Xc+hHu/BvTdkBtPRA4OedeknO8hDOpLOvLKKysrq1vFDdLW9s7u3vm/kFbxqkgtEViHouuhyXlLKItxRSn3URQHHqcdrzRzdTv3FMhWRw11TihbogHEQsYwUpLfbPsUIXPZLV5ghwVo58bOvX7ZsWqWTOgZWLnpAI5Gn3z0/FjkoY0UoRjKXu2lSg3w0Ixwumk5KSSJpiM8ID2NI1wSKWbzUJM0LFWfBTEQp9IoZn6eyPDoZTj0NOTIVZDuehNxf+8XqqCKzdjUZIqGpH5Q0HKkY47bQT5TFCi+FgTTATTf0VkiAUmSvdW0iXYi5GXSfu8Zls1++6iUr/O6yhCGY6gCjZcQh1uoQEtIPAAT/ACr8aj8Wy8Ge/z0YKR7xzCHxgf3wc4lb0=</latexit><latexit sha1_base64="yRTTdyz3ojrRxjxwcFnCQhAnxb0=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxCRagzIuhKCm5cVugLOkPJZDJtaOZBkhHK0IUbf8WNC0Xc+hHu/BvTdkBtPRA4OedeknO8hDOpLOvLKKysrq1vFDdLW9s7u3vm/kFbxqkgtEViHouuhyXlLKItxRSn3URQHHqcdrzRzdTv3FMhWRw11TihbogHEQsYwUpLfbPsUIXPZLV5ghwVo58bOvX7ZsWqWTOgZWLnpAI5Gn3z0/FjkoY0UoRjKXu2lSg3w0Ixwumk5KSSJpiM8ID2NI1wSKWbzUJM0LFWfBTEQp9IoZn6eyPDoZTj0NOTIVZDuehNxf+8XqqCKzdjUZIqGpH5Q0HKkY47bQT5TFCi+FgTTATTf0VkiAUmSvdW0iXYi5GXSfu8Zls1++6iUr/O6yhCGY6gCjZcQh1uoQEtIPAAT/ACr8aj8Wy8Ge/z0YKR7xzCHxgf3wc4lb0=</latexit><latexit sha1_base64="yRTTdyz3ojrRxjxwcFnCQhAnxb0=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxCRagzIuhKCm5cVugLOkPJZDJtaOZBkhHK0IUbf8WNC0Xc+hHu/BvTdkBtPRA4OedeknO8hDOpLOvLKKysrq1vFDdLW9s7u3vm/kFbxqkgtEViHouuhyXlLKItxRSn3URQHHqcdrzRzdTv3FMhWRw11TihbogHEQsYwUpLfbPsUIXPZLV5ghwVo58bOvX7ZsWqWTOgZWLnpAI5Gn3z0/FjkoY0UoRjKXu2lSg3w0Ixwumk5KSSJpiM8ID2NI1wSKWbzUJM0LFWfBTEQp9IoZn6eyPDoZTj0NOTIVZDuehNxf+8XqqCKzdjUZIqGpH5Q0HKkY47bQT5TFCi+FgTTATTf0VkiAUmSvdW0iXYi5GXSfu8Zls1++6iUr/O6yhCGY6gCjZcQh1uoQEtIPAAT/ACr8aj8Wy8Ge/z0YKR7xzCHxgf3wc4lb0=</latexit><latexit sha1_base64="yRTTdyz3ojrRxjxwcFnCQhAnxb0=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxCRagzIuhKCm5cVugLOkPJZDJtaOZBkhHK0IUbf8WNC0Xc+hHu/BvTdkBtPRA4OedeknO8hDOpLOvLKKysrq1vFDdLW9s7u3vm/kFbxqkgtEViHouuhyXlLKItxRSn3URQHHqcdrzRzdTv3FMhWRw11TihbogHEQsYwUpLfbPsUIXPZLV5ghwVo58bOvX7ZsWqWTOgZWLnpAI5Gn3z0/FjkoY0UoRjKXu2lSg3w0Ixwumk5KSSJpiM8ID2NI1wSKWbzUJM0LFWfBTEQp9IoZn6eyPDoZTj0NOTIVZDuehNxf+8XqqCKzdjUZIqGpH5Q0HKkY47bQT5TFCi+FgTTATTf0VkiAUmSvdW0iXYi5GXSfu8Zls1++6iUr/O6yhCGY6gCjZcQh1uoQEtIPAAT/ACr8aj8Wy8Ge/z0YKR7xzCHxgf3wc4lb0=</latexit>
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Test of systematic error

as function of centralityvn
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as function of vn
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Initial state fluctuations?

Kinetic phase?Normalisation!?

IP-Glasma - MUSIC - UrQMD



QCD-assisted hydrodynamics
Dubla, Masciocchi, JMP, Schenke, Shen, Stachel, arXiv:1805.02985
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 = 2.76 TeVNNsPb-Pb, 

⌘/s(T ) ! ⌘/s(T ) + d
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Test of systematic error

as function of centralityvn
<latexit sha1_base64="U9i/NFoVitDCThWRgfblvZFxMrQ=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqWu1FCl48VrAf0Iay2W7apZtN2N0USuiP8OJBEa/+Hm/+GzdtBRV9MPB4b4aZeX7MmdK2/WHl1tY3Nrfy24Wd3b39g+LhUVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/uQm8ztTKhWLxL2exdQL8UiwgBGsjdTp+wGaDsSgWLLLbq1aq1WQXXaqtuu6GXEunHodOWV7gRKs0BwU3/vDiCQhFZpwrFTPsWPtpVhqRjidF/qJojEmEzyiPUMFDqny0sW5c3RmlCEKImlKaLRQv0+kOFRqFvqmM8R6rH57mfiX10t0cOWlTMSJpoIsFwUJRzpC2e9oyCQlms8MwUQycysiYywx0Sahggnh61P0P2lXyo5J5s4tNa5XceThBE7hHBy4hAbcQhNaQGACD/AEz1ZsPVov1uuyNWetZo7hB6y3T0+jj4o=</latexit><latexit sha1_base64="U9i/NFoVitDCThWRgfblvZFxMrQ=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqWu1FCl48VrAf0Iay2W7apZtN2N0USuiP8OJBEa/+Hm/+GzdtBRV9MPB4b4aZeX7MmdK2/WHl1tY3Nrfy24Wd3b39g+LhUVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/uQm8ztTKhWLxL2exdQL8UiwgBGsjdTp+wGaDsSgWLLLbq1aq1WQXXaqtuu6GXEunHodOWV7gRKs0BwU3/vDiCQhFZpwrFTPsWPtpVhqRjidF/qJojEmEzyiPUMFDqny0sW5c3RmlCEKImlKaLRQv0+kOFRqFvqmM8R6rH57mfiX10t0cOWlTMSJpoIsFwUJRzpC2e9oyCQlms8MwUQycysiYywx0Sahggnh61P0P2lXyo5J5s4tNa5XceThBE7hHBy4hAbcQhNaQGACD/AEz1ZsPVov1uuyNWetZo7hB6y3T0+jj4o=</latexit><latexit sha1_base64="U9i/NFoVitDCThWRgfblvZFxMrQ=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqWu1FCl48VrAf0Iay2W7apZtN2N0USuiP8OJBEa/+Hm/+GzdtBRV9MPB4b4aZeX7MmdK2/WHl1tY3Nrfy24Wd3b39g+LhUVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/uQm8ztTKhWLxL2exdQL8UiwgBGsjdTp+wGaDsSgWLLLbq1aq1WQXXaqtuu6GXEunHodOWV7gRKs0BwU3/vDiCQhFZpwrFTPsWPtpVhqRjidF/qJojEmEzyiPUMFDqny0sW5c3RmlCEKImlKaLRQv0+kOFRqFvqmM8R6rH57mfiX10t0cOWlTMSJpoIsFwUJRzpC2e9oyCQlms8MwUQycysiYywx0Sahggnh61P0P2lXyo5J5s4tNa5XceThBE7hHBy4hAbcQhNaQGACD/AEz1ZsPVov1uuyNWetZo7hB6y3T0+jj4o=</latexit><latexit sha1_base64="U9i/NFoVitDCThWRgfblvZFxMrQ=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqWu1FCl48VrAf0Iay2W7apZtN2N0USuiP8OJBEa/+Hm/+GzdtBRV9MPB4b4aZeX7MmdK2/WHl1tY3Nrfy24Wd3b39g+LhUVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/uQm8ztTKhWLxL2exdQL8UiwgBGsjdTp+wGaDsSgWLLLbq1aq1WQXXaqtuu6GXEunHodOWV7gRKs0BwU3/vDiCQhFZpwrFTPsWPtpVhqRjidF/qJojEmEzyiPUMFDqny0sW5c3RmlCEKImlKaLRQv0+kOFRqFvqmM8R6rH57mfiX10t0cOWlTMSJpoIsFwUJRzpC2e9oyCQlms8MwUQycysiYywx0Sahggnh61P0P2lXyo5J5s4tNa5XceThBE7hHBy4hAbcQhNaQGACD/AEz1ZsPVov1uuyNWetZo7hB6y3T0+jj4o=</latexit>

as function of vn
<latexit sha1_base64="U9i/NFoVitDCThWRgfblvZFxMrQ=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqWu1FCl48VrAf0Iay2W7apZtN2N0USuiP8OJBEa/+Hm/+GzdtBRV9MPB4b4aZeX7MmdK2/WHl1tY3Nrfy24Wd3b39g+LhUVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/uQm8ztTKhWLxL2exdQL8UiwgBGsjdTp+wGaDsSgWLLLbq1aq1WQXXaqtuu6GXEunHodOWV7gRKs0BwU3/vDiCQhFZpwrFTPsWPtpVhqRjidF/qJojEmEzyiPUMFDqny0sW5c3RmlCEKImlKaLRQv0+kOFRqFvqmM8R6rH57mfiX10t0cOWlTMSJpoIsFwUJRzpC2e9oyCQlms8MwUQycysiYywx0Sahggnh61P0P2lXyo5J5s4tNa5XceThBE7hHBy4hAbcQhNaQGACD/AEz1ZsPVov1uuyNWetZo7hB6y3T0+jj4o=</latexit><latexit sha1_base64="U9i/NFoVitDCThWRgfblvZFxMrQ=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqWu1FCl48VrAf0Iay2W7apZtN2N0USuiP8OJBEa/+Hm/+GzdtBRV9MPB4b4aZeX7MmdK2/WHl1tY3Nrfy24Wd3b39g+LhUVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/uQm8ztTKhWLxL2exdQL8UiwgBGsjdTp+wGaDsSgWLLLbq1aq1WQXXaqtuu6GXEunHodOWV7gRKs0BwU3/vDiCQhFZpwrFTPsWPtpVhqRjidF/qJojEmEzyiPUMFDqny0sW5c3RmlCEKImlKaLRQv0+kOFRqFvqmM8R6rH57mfiX10t0cOWlTMSJpoIsFwUJRzpC2e9oyCQlms8MwUQycysiYywx0Sahggnh61P0P2lXyo5J5s4tNa5XceThBE7hHBy4hAbcQhNaQGACD/AEz1ZsPVov1uuyNWetZo7hB6y3T0+jj4o=</latexit><latexit sha1_base64="U9i/NFoVitDCThWRgfblvZFxMrQ=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqWu1FCl48VrAf0Iay2W7apZtN2N0USuiP8OJBEa/+Hm/+GzdtBRV9MPB4b4aZeX7MmdK2/WHl1tY3Nrfy24Wd3b39g+LhUVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/uQm8ztTKhWLxL2exdQL8UiwgBGsjdTp+wGaDsSgWLLLbq1aq1WQXXaqtuu6GXEunHodOWV7gRKs0BwU3/vDiCQhFZpwrFTPsWPtpVhqRjidF/qJojEmEzyiPUMFDqny0sW5c3RmlCEKImlKaLRQv0+kOFRqFvqmM8R6rH57mfiX10t0cOWlTMSJpoIsFwUJRzpC2e9oyCQlms8MwUQycysiYywx0Sahggnh61P0P2lXyo5J5s4tNa5XceThBE7hHBy4hAbcQhNaQGACD/AEz1ZsPVov1uuyNWetZo7hB6y3T0+jj4o=</latexit><latexit sha1_base64="U9i/NFoVitDCThWRgfblvZFxMrQ=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqWu1FCl48VrAf0Iay2W7apZtN2N0USuiP8OJBEa/+Hm/+GzdtBRV9MPB4b4aZeX7MmdK2/WHl1tY3Nrfy24Wd3b39g+LhUVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/uQm8ztTKhWLxL2exdQL8UiwgBGsjdTp+wGaDsSgWLLLbq1aq1WQXXaqtuu6GXEunHodOWV7gRKs0BwU3/vDiCQhFZpwrFTPsWPtpVhqRjidF/qJojEmEzyiPUMFDqny0sW5c3RmlCEKImlKaLRQv0+kOFRqFvqmM8R6rH57mfiX10t0cOWlTMSJpoIsFwUJRzpC2e9oyCQlms8MwUQycysiYywx0Sahggnh61P0P2lXyo5J5s4tNa5XceThBE7hHBy4hAbcQhNaQGACD/AEz1ZsPVov1uuyNWetZo7hB6y3T0+jj4o=</latexit>

pT
<latexit sha1_base64="IyilJUHGFSJkCAmcJ6op5l624dA=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqWu1FCl48VugXtKFstpt26WYTdjdCCf0RXjwo4tXf481/46atoKIPBh7vzTAzz485U9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn95kfveeSsUi0dKzmHohHgsWMIK1kboDP0DxsDUsluyyW6vWahVkl52q7bpuRpwLp15HTtleoAQrNIfF98EoIklIhSYcK9V37Fh7KZaaEU7nhUGiaIzJFI9p31CBQ6q8dHHuHJ0ZZYSCSJoSGi3U7xMpDpWahb7pDLGeqN9eJv7l9RMdXHkpE3GiqSDLRUHCkY5Q9jsaMUmJ5jNDMJHM3IrIBEtMtEmoYEL4+hT9TzqVsmOSuXNLjetVHHk4gVM4BwcuoQG30IQ2EJjCAzzBsxVbj9aL9bpszVmrmWP4AevtEx8Xj2o=</latexit><latexit sha1_base64="IyilJUHGFSJkCAmcJ6op5l624dA=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqWu1FCl48VugXtKFstpt26WYTdjdCCf0RXjwo4tXf481/46atoKIPBh7vzTAzz485U9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn95kfveeSsUi0dKzmHohHgsWMIK1kboDP0DxsDUsluyyW6vWahVkl52q7bpuRpwLp15HTtleoAQrNIfF98EoIklIhSYcK9V37Fh7KZaaEU7nhUGiaIzJFI9p31CBQ6q8dHHuHJ0ZZYSCSJoSGi3U7xMpDpWahb7pDLGeqN9eJv7l9RMdXHkpE3GiqSDLRUHCkY5Q9jsaMUmJ5jNDMJHM3IrIBEtMtEmoYEL4+hT9TzqVsmOSuXNLjetVHHk4gVM4BwcuoQG30IQ2EJjCAzzBsxVbj9aL9bpszVmrmWP4AevtEx8Xj2o=</latexit><latexit sha1_base64="IyilJUHGFSJkCAmcJ6op5l624dA=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqWu1FCl48VugXtKFstpt26WYTdjdCCf0RXjwo4tXf481/46atoKIPBh7vzTAzz485U9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn95kfveeSsUi0dKzmHohHgsWMIK1kboDP0DxsDUsluyyW6vWahVkl52q7bpuRpwLp15HTtleoAQrNIfF98EoIklIhSYcK9V37Fh7KZaaEU7nhUGiaIzJFI9p31CBQ6q8dHHuHJ0ZZYSCSJoSGi3U7xMpDpWahb7pDLGeqN9eJv7l9RMdXHkpE3GiqSDLRUHCkY5Q9jsaMUmJ5jNDMJHM3IrIBEtMtEmoYEL4+hT9TzqVsmOSuXNLjetVHHk4gVM4BwcuoQG30IQ2EJjCAzzBsxVbj9aL9bpszVmrmWP4AevtEx8Xj2o=</latexit><latexit sha1_base64="IyilJUHGFSJkCAmcJ6op5l624dA=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqWu1FCl48VugXtKFstpt26WYTdjdCCf0RXjwo4tXf481/46atoKIPBh7vzTAzz485U9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn95kfveeSsUi0dKzmHohHgsWMIK1kboDP0DxsDUsluyyW6vWahVkl52q7bpuRpwLp15HTtleoAQrNIfF98EoIklIhSYcK9V37Fh7KZaaEU7nhUGiaIzJFI9p31CBQ6q8dHHuHJ0ZZYSCSJoSGi3U7xMpDpWahb7pDLGeqN9eJv7l9RMdXHkpE3GiqSDLRUHCkY5Q9jsaMUmJ5jNDMJHM3IrIBEtMtEmoYEL4+hT9TzqVsmOSuXNLjetVHHk4gVM4BwcuoQG30IQ2EJjCAzzBsxVbj9aL9bpszVmrmWP4AevtEx8Xj2o=</latexit>

Initial state fluctuations?

Kinetic phase?

‘Steady-state’ hydro?

Hadronisation & freeze-out?Normalisation!?

IP-Glasma - MUSIC - UrQMD



QCD at imaginary chemical potential

RW transition

RW Endpoint

chiral transition

2(chemical potential)
0

QGP

Hadrons

T
RW

T



RW transition

RW Endpoint

chiral transition

2(chemical potential)
0

QGP

Hadrons

T
RW

T

�(2⇡T✓)2

Imaginary chemical potential



RW transition

RW Endpoint

chiral transition

2(chemical potential)
0

QGP

Hadrons

T
RW

T

�(2⇡T✓)2

Imaginary chemical potential

µ = 2⇥T� i

Z

x
q̄ · (iD/ + im� + iµ�0) · q

Z

x
q̄� · (iD/ + im⇥) · q�

q�(t, �x) = e2⇥T� i tq(t, x)

Periodicity

Dirac term

q�(t+ �, ⇥x) = �e2⇥� iq�(t, x)



RW transition

RW Endpoint

chiral transition

2(chemical potential)
0

QGP

Hadrons

T
RW

T

�(2⇡T✓)2

Imaginary chemical potential

µ = 2⇥T� i

Z

x
q̄ · (iD/ + im� + iµ�0) · q

Z

x
q̄� · (iD/ + im⇥) · q�

q�(t, �x) = e2⇥T� i tq(t, x)

Periodicity

Dirac term

q�(t+ �, ⇥x) = �e2⇥� iq�(t, x)

Partition function

Roberge-Weiss symmetry

via a center transformation e
2
3� i1l 2 center[SU(3)]

gauge field insensitive to center transformations
Z� = Z�+1/3



RW transition

RW Endpoint

chiral transition

2(chemical potential)
0

QGP

Hadrons

T
RW

T

�(2⇡T✓)2

Imaginary chemical potential

Periodicity

q�(t+ �, ⇥x) = �e2⇥� iq�(t, x)

Polyakov loop potential



RW transition

RW Endpoint

chiral transition

2(chemical potential)
0

QGP

Hadrons

T
RW

T

�(2⇡T✓)2

Imaginary chemical potential

Periodicity

q�(t+ �, ⇥x) = �e2⇥� iq�(t, x)

Polyakov loop potential

Partition function

Roberge-Weiss symmetry

via a center transformation e
2
3� i1l 2 center[SU(3)]

gauge field insensitive to center transformations
Z� = Z�+1/3
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Õ z�⇥ zÕ z = 1, e
2
3�i, e

4
3�i

confinement order parameters

Bruckmann, Hagen, Bilgici, Gattringer ‘08

Gattringer ‘06                                                                                       
Synatschke, Wipf, Wozar ’07

Fischer ’09 
Fischer, Maas, Müller ’10

Lattice

FunMethods

vanishing chemical potential

Braun, Haas, Marhauser, JMP ’09

 imaginary chemical potential
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Confinement
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Phase structure
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