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vacuum QCD: Euclidean propagators
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Aiming at apparent convergence

vacuum QCD: current set of correlation functions
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Quark-gluon vertex
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Quark-gluon vertex
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Quark-gluon vertex
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vacuum QCD: Quark-gluon vertex
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All (eight) tensor structures!
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vacuum QCD: Quark-gluon vertex
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simple correlations
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vacuum QCD: Quark-gluon vertex

�1(p, q)

✓ =
p · qp
p2 q2

✓ = �1

log p

log q

up-to-date 1st principles works: 
Mitter, JMP, Strodthoff, PRD 91 (2015) 054035  

Williams, EPJ A51 (2015) 57 
Sanchis-Alepuz, Williams, PLB 749 (2015) 592 
Williams, Fischer, Heupel, PRD 93 (2016) 034026 
Contant, Huber, Fischer, Welzbacher, Williams, APP.Supp. 11 (2018) 483 
   
Aguilar, Binosi, Ibanez, Papavassiliou, PRD 89 (2014) 065027 
Binosi, Chang, Papavassiliou, Qin, Roberts, PRD 95 (2017) 031501 
Aguilar, Cardona, Ferreira, Papavassiliou, PRD 96 (2017) 014029 
                                                                      PRD 98 (2018) 014002  

 Pelaez, Tissier, Wschebor, PRD 92 (2015) 045012 

Eichmann, Sanchis-Alepuz, Williams, Alkofer, Fischer, PPNP 91 (2016) 1 
  
Oliveira, Kizilersü, Silva, Skullerud, Sternbeck, Williams, APP Suppl. 9 (2016) 363lattice, e.g.:

FunMethods:

p,q in MeV
simple correlations

Cyrol, Mitter, JMP, Strodthoff, PRD 97 (2018) 054006 

Two-flavour QCD 

All (eight) tensor structures!
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Three remarks on Functional Methods for QCD

!off-shell representation of thermodynamic observables 

off-shell

pressure, trace anomaly,  
fluctuations, volume flucs., ...

e.g.Tr hq(x)q̄(x)i
<latexit sha1_base64="XnRN/UDGkLv+wvSKqcCnnDpLFWs="></latexit>
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QCD at finite density
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Some applications (fQCD)

Leonhardt, Pospiech, Schallmo, Braun, Drischler, 
Hebeler, Schwenk, PRL 125 (2020) 142502

EoS of symmetric nuclear matter
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Magnetic EoS

Braun, Fu, JMP, Rennecke, Rosenblüh, Yin, PRD 102 (2020) 056010

No critical scaling

Recent fRG work on EoS in cold and dense matter

Otto, Oertel, Schaefer, PRD 101 (2020) 10, 103021; 2007.07394
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•QCD from functional methods 

•QCD phase structure 

•Fluctuations of conserved charges 

•QCD-assisted transport 

•Summary & outlook 

Outline

Applications 
Hyper-fluctuations 
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On the unreasonable effectiveness of low energy effective theories 

Fu, JMP, Rennecke, PRD 101, (2020) 054032

Sequential decoupling of gluon, quark, sigma, pion fluctuations

Braun, Fister, Haas, JMP, Rennecke, PRD 94 (2016) 034016

Rennecke, PRD 92 (2015) 076012
Based on:
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On the unreasonable effectiveness of low energy effective theories 

Fu, JMP, Rennecke, PRD 101, (2020) 054032

Sequential decoupling of gluon, quark, sigma, pion fluctuations

@t�k[�] =
1

2
� � +

1

2

QCD-assisted low energy effective theories
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QM-model
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Fluctuations of conserved charges
Fluctuation of conserved charges

Benchmark at vanishing density

Fu, Luo, JMP, Rennecke, Wen, Yin, in preparation

QCD-assisted LEFT

Fu, JMP, PRD 93 (2016) 091501
Fu, JMP, Schaefer, Rennecke, PRD 94 (2016) 116020 

Wen, Huang, Fu, PRD 99 (2019) 094019

Strangeness
Fu, JMP, Rennecke, SciPost Phys. Core 2, 002 (2020) 
                                        PRD 100 (2019) 11, 111501

Builds on
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Fluctuations of conserved charges
Fluctuation of conserved charges

Benchmark at vanishing density

Freezeout curve

(Hyper-) fluctuations

Fu, Luo, JMP, Rennecke, Wen, Yin, in preparation

QCD-assisted LEFT
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Fluctuations of conserved charges
Fluctuation of conserved charges

Benchmark at vanishing density

Freezeout curve

(Hyper-) fluctuations

Fu, Luo, JMP, Rennecke, Wen, Yin, in preparation

QCD-assisted LEFT

QCD-assisted LEFT
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Fluctuations of conserved charges
Fluctuation of conserved charges

Benchmark at vanishing density

Freezeout curve

(Hyper-) fluctuations

Fu, Luo, JMP, Rennecke, Wen, Yin, in preparation

QCD-assisted LEFT

QCD-assisted LEFT

Fun QCD, in progress26



Fluctuations of conserved charges
Fluctuation of conserved charges

Fu, Luo, JMP, Rennecke, Wen, Yin, in preparation

QCD-assisted LEFT vs lattice results (Taylor expansion) at small chemical potential

QCD-assisted LEFT: Taylor expansion vs full results
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Transport approach to QCD
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quantum equation of motion noise field

Time evolution of the critical (scalar)     -mode�
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Blum, Jiang, Mitter, Nahrgang, JMP, Rennecke, Wink

Extension of mean-field version

Nahrgang, Leupold, Herold, Bleicher PRC84 (2011) 

see also

Stephanov, Rajagopal, Shuryak PRL 81 (1998) 4816  

Mukherjee, Venugopalan, Yin PRC 92 (2015) 034912 

Herold, Nahrgang, Yan, Kobdaj PRC 93 93 (2016) 021902 

Nahrgang, Bluhm, Schäfer, Bass PRD 99 (2019) 116015  
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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



Transport approach to QCD

��

��
= ⇠

<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) 016009 

2+1 flavour quark-meson model
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Fu, JMP, Rennecke, SciPost Core 002 (2020), PRD 100 (2019) 111501

strangeness neutrality & strangeness fluctuations

          : Nakano, Schaefer, Stokic, Friman, Redlich, PLB 682 (2010) 401 
<latexit sha1_base64="PQS6Y6iBcZ06NlUa94K1j7A/16g=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbFL0oBS+epIL9kHYp2TTbhibZJckKZemv8OJBEa/+HG/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+7+QVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQz9VtPVGkWywczTmgg8ECyiBFsrPTYDSN014uuqj237FW8GdAy8XNShhz1nvvV7cckFVQawrHWHd9LTJBhZRjhdFLqppommIzwgHYslVhQHWSzgyfoxCp9FMXKljRopv6eyLDQeixC2ymwGepFbyr+53VSE10GGZNJaqgk80VRypGJ0fR71GeKEsPHlmCimL0VkSFWmBibUcmG4C++vEya1Yp/XvHuz8q16zyOIhzBMZyCDxdQg1uoQwMICHiGV3hzlPPivDsf89aCk88cwh84nz+YIo+a</latexit>

Nf = 2



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>
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kinetic term effective potentialdiffusion term ⌘ @t�
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Blum, Jiang, Mitter, Nahrgang, JMP, Rennecke, Wink
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Comparison of truncations (2 flavours)

Phase structure of low energy QCD

Schaefer, Rennecke, PRD 96 (2017) 016009 

2+1 flavour quark-meson model



Pion & sigma spectral functions

Sigma & Pion spectral functions
Show case in linear sigma model

JMP, Strodthoff, Wink, PRD 98 (2018)  074008

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, PRD 98 (2018)  074008

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, PRD 98 (2018)  074008

Sigma spectral function

JMP, Rennecke, Wink, in prep

2+1 flavour quark-meson model sigma spectral function
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Pion & sigma spectral functions

2+1 flavour quark-meson model sigma spectral function

preliminary

JMP, Rennecke, Wink, in prep
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Time evolution of cumulants  

nth central moment of the sigma field:  �n
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�2 = h(� � h�i)2i
<latexit sha1_base64="KkYGj5qA8cPbfpwqxYTuGgYqu8E="></latexit><latexit sha1_base64="KkYGj5qA8cPbfpwqxYTuGgYqu8E="></latexit><latexit sha1_base64="KkYGj5qA8cPbfpwqxYTuGgYqu8E="></latexit><latexit sha1_base64="KkYGj5qA8cPbfpwqxYTuGgYqu8E="></latexit>

kurtosis:  =
�4

�2
2

� 3
<latexit sha1_base64="ZEp140of6zxsri3xVzgNrZFaF1I="></latexit><latexit sha1_base64="ZEp140of6zxsri3xVzgNrZFaF1I="></latexit><latexit sha1_base64="ZEp140of6zxsri3xVzgNrZFaF1I="></latexit><latexit sha1_base64="ZEp140of6zxsri3xVzgNrZFaF1I="></latexit>

Time evolution of sigma-kurtosis
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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�
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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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Applications 
QCD phase structure

Hyper-fluctuations 
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•QCD from functional methods 

•QCD phase structure 

•Fluctuations of conserved charges 

•QCD-assisted transport 

•Summary & outlook 



Summary & Outlook

!Towards apparent convergence in functional approaches to QCD  

!Results & predictive power for the phase structure of QCD 

!Observables: quark condensates, fluctuations of conserved charges 

!Towards quantitative precision at high densities 

!Systematic improvements under way for 
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!Transport, hydro, and critical region 

!Real-time correlation functions  

!Transport at finite mu & T 

!Transport coefficients    


