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The QCD phase diagram and 
the cold dense equation of state
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Perturbative methods

[Kurkela et al., 2014]

⇡

Low-energy
effective theories

Functional methods
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‣ Quarks and gluons  
as only dofs
‣Weak coupling expansion

‣ Strongly correlated matter 
at intermediate densities
‣ variety of condensates as 

non-perturbative phenomena 
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Including dynamic gauge fields

• Framework and structure of β functions

• Symmetry breaking patterns

• Implications on the phase diagram

Connecting to low-energy effective models (LEMs)

• Quark-meson-diquark model

• Findings on the equation of state (EoS)

Conclusions and outlook
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Functional renormalization group (FRG)
From high to low energies in QCD

0
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Functional renormalization group (FRG)
From high to low energies in QCD
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Gluodynamics
Strong coupling gs(Λ) only parameter

gs(Λ) at Λ = 10 GeV within exp. error
[Bethke, 2006]



!4

Functional renormalization group (FRG)
From high to low energies in QCD
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variety of condensates

‣ chiral condensate
‣ diquark condensate
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Gluodynamics
Strong coupling gs(Λ) only parameter

gs(Λ) at Λ = 10 GeV within exp. error
[Bethke, 2006]
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Including dynamic gauge fields

• Framework and structure of β functions

• Symmetry breaking patterns

• Implications on the phase diagram

Connecting to low-energy effective models (LEMs)

• Quark-meson-diquark model

• Findings on the equation of state (EoS)

Conclusions and outlook
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Ansatz for the effective average action
Quark self-interactions and gauge degrees of freedom

formation of
chiral condensate
$

JP = 0+
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Ansatz for the effective average action
Quark self-interactions and gauge degrees of freedom
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RG flow of four-quark interactions
Structure of the β functions and formation of condensates

RG flow equation:
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RG flow of four-quark interactions
Structure of the β functions and formation of condensates

RG flow equation:
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At k = Λ: 
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RG flow of four-quark interactions
Structure of the β functions and formation of condensates

RG flow equation:
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At k = Λ: 

gs(Λ) only parameter
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<latexit sha1_base64="gr/+SA/4bNOQdfEoUV5+T/XFRS4=">AAACBHicbVBPS8MwHE39O+e/qsddgkOYl5GKoBdh4MXjBLsNtlrSNN3CkrYkqTDKDl78Kl48KOLVD+HNb2O69aCbDwKP996P/H4vSDlTGqFva2V1bX1js7JV3d7Z3du3Dw47KskkoS5JeCJ7AVaUs5i6mmlOe6mkWAScdoPxdeF3H6hULInv9CSlnsDDmEWMYG0k364NuAmH2Gf3A4H1SIq84XZOp/AKIt+uoyaaAS4TpyR1UKLt21+DMCGZoLEmHCvVd1CqvRxLzQin0+ogUzTFZIyHtG9ojAVVXj47YgpPjBLCKJHmxRrO1N8TORZKTURgksWiatErxP+8fqajSy9ncZppGpP5R1HGoU5g0QgMmaRE84khmEhmdoVkhCUm2vRWNSU4iycvk85Z00FN5/a83kJlHRVQA8egARxwAVrgBrSBCwh4BM/gFbxZT9aL9W59zKMrVjlzBP7A+vwBMLWXEA==</latexit><latexit sha1_base64="gr/+SA/4bNOQdfEoUV5+T/XFRS4=">AAACBHicbVBPS8MwHE39O+e/qsddgkOYl5GKoBdh4MXjBLsNtlrSNN3CkrYkqTDKDl78Kl48KOLVD+HNb2O69aCbDwKP996P/H4vSDlTGqFva2V1bX1js7JV3d7Z3du3Dw47KskkoS5JeCJ7AVaUs5i6mmlOe6mkWAScdoPxdeF3H6hULInv9CSlnsDDmEWMYG0k364NuAmH2Gf3A4H1SIq84XZOp/AKIt+uoyaaAS4TpyR1UKLt21+DMCGZoLEmHCvVd1CqvRxLzQin0+ogUzTFZIyHtG9ojAVVXj47YgpPjBLCKJHmxRrO1N8TORZKTURgksWiatErxP+8fqajSy9ncZppGpP5R1HGoU5g0QgMmaRE84khmEhmdoVkhCUm2vRWNSU4iycvk85Z00FN5/a83kJlHRVQA8egARxwAVrgBrSBCwh4BM/gFbxZT9aL9W59zKMrVjlzBP7A+vwBMLWXEA==</latexit><latexit sha1_base64="gr/+SA/4bNOQdfEoUV5+T/XFRS4=">AAACBHicbVBPS8MwHE39O+e/qsddgkOYl5GKoBdh4MXjBLsNtlrSNN3CkrYkqTDKDl78Kl48KOLVD+HNb2O69aCbDwKP996P/H4vSDlTGqFva2V1bX1js7JV3d7Z3du3Dw47KskkoS5JeCJ7AVaUs5i6mmlOe6mkWAScdoPxdeF3H6hULInv9CSlnsDDmEWMYG0k364NuAmH2Gf3A4H1SIq84XZOp/AKIt+uoyaaAS4TpyR1UKLt21+DMCGZoLEmHCvVd1CqvRxLzQin0+ogUzTFZIyHtG9ojAVVXj47YgpPjBLCKJHmxRrO1N8TORZKTURgksWiatErxP+8fqajSy9ncZppGpP5R1HGoU5g0QgMmaRE84khmEhmdoVkhCUm2vRWNSU4iycvk85Z00FN5/a83kJlHRVQA8egARxwAVrgBrSBCwh4BM/gFbxZT9aL9W59zKMrVjlzBP7A+vwBMLWXEA==</latexit><latexit sha1_base64="gr/+SA/4bNOQdfEoUV5+T/XFRS4=">AAACBHicbVBPS8MwHE39O+e/qsddgkOYl5GKoBdh4MXjBLsNtlrSNN3CkrYkqTDKDl78Kl48KOLVD+HNb2O69aCbDwKP996P/H4vSDlTGqFva2V1bX1js7JV3d7Z3du3Dw47KskkoS5JeCJ7AVaUs5i6mmlOe6mkWAScdoPxdeF3H6hULInv9CSlnsDDmEWMYG0k364NuAmH2Gf3A4H1SIq84XZOp/AKIt+uoyaaAS4TpyR1UKLt21+DMCGZoLEmHCvVd1CqvRxLzQin0+ogUzTFZIyHtG9ojAVVXj47YgpPjBLCKJHmxRrO1N8TORZKTURgksWiatErxP+8fqajSy9ncZppGpP5R1HGoU5g0QgMmaRE84khmEhmdoVkhCUm2vRWNSU4iycvk85Z00FN5/a83kJlHRVQA8egARxwAVrgBrSBCwh4BM/gFbxZT9aL9W59zKMrVjlzBP7A+vwBMLWXEA==</latexit>

Illustrative RG flow of four-quark couplings
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�(V�A)k
<latexit sha1_base64="mWQDwNp9L+Js3u7lGrVSrKFint4="></latexit><latexit sha1_base64="mWQDwNp9L+Js3u7lGrVSrKFint4="></latexit><latexit sha1_base64="mWQDwNp9L+Js3u7lGrVSrKFint4="></latexit><latexit sha1_base64="mWQDwNp9L+Js3u7lGrVSrKFint4="></latexit>

�(V�A)?
<latexit sha1_base64="ytuFCmCCG7nvPiQYIYdM6jzxTCk="></latexit><latexit sha1_base64="ytuFCmCCG7nvPiQYIYdM6jzxTCk="></latexit><latexit sha1_base64="ytuFCmCCG7nvPiQYIYdM6jzxTCk="></latexit><latexit sha1_base64="ytuFCmCCG7nvPiQYIYdM6jzxTCk="></latexit>

�(V+A)?
<latexit sha1_base64="B/4zlN4L6nYrpxQ5Q24wxsGK1HY="></latexit><latexit sha1_base64="B/4zlN4L6nYrpxQ5Q24wxsGK1HY="></latexit><latexit sha1_base64="B/4zlN4L6nYrpxQ5Q24wxsGK1HY="></latexit><latexit sha1_base64="B/4zlN4L6nYrpxQ5Q24wxsGK1HY="></latexit>

�(V+A)adjk
<latexit sha1_base64="EhT5IN5zum9EU9zH6LuaGoBwgo0="></latexit><latexit sha1_base64="EhT5IN5zum9EU9zH6LuaGoBwgo0="></latexit><latexit sha1_base64="EhT5IN5zum9EU9zH6LuaGoBwgo0="></latexit><latexit sha1_base64="EhT5IN5zum9EU9zH6LuaGoBwgo0="></latexit>

�(V�A)adj
?

<latexit sha1_base64="Df+Bbn3vXLH39TtjG42aLkhbW7s="></latexit><latexit sha1_base64="Df+Bbn3vXLH39TtjG42aLkhbW7s="></latexit><latexit sha1_base64="Df+Bbn3vXLH39TtjG42aLkhbW7s="></latexit><latexit sha1_base64="Df+Bbn3vXLH39TtjG42aLkhbW7s="></latexit>

�csc
<latexit sha1_base64="SaaFc93JHMWrFe1Fde7ytNGYUU0="></latexit><latexit sha1_base64="SaaFc93JHMWrFe1Fde7ytNGYUU0="></latexit><latexit sha1_base64="SaaFc93JHMWrFe1Fde7ytNGYUU0="></latexit><latexit sha1_base64="SaaFc93JHMWrFe1Fde7ytNGYUU0="></latexit>

-3

-2

-1

0

1

2

3

0.1 0.15 0.2 0.25 0.3

λ i

k/Λ

λ
λ
λ
λ
λ
λ
λ
λ
λ
λ

�(��⇡)
<latexit sha1_base64="3IpuTKPYpZ06AQxGkopspmZjwbY="></latexit><latexit sha1_base64="3IpuTKPYpZ06AQxGkopspmZjwbY="></latexit><latexit sha1_base64="3IpuTKPYpZ06AQxGkopspmZjwbY="></latexit><latexit sha1_base64="3IpuTKPYpZ06AQxGkopspmZjwbY="></latexit>

�(S+P )�
<latexit sha1_base64="jWESDMD576dEI+Hi6JpG7t4alOc="></latexit><latexit sha1_base64="jWESDMD576dEI+Hi6JpG7t4alOc="></latexit><latexit sha1_base64="jWESDMD576dEI+Hi6JpG7t4alOc="></latexit><latexit sha1_base64="jWESDMD576dEI+Hi6JpG7t4alOc="></latexit>

�(V+A)k
<latexit sha1_base64="zey/jOIY6OACms/11lUNDnNvMng="></latexit><latexit sha1_base64="zey/jOIY6OACms/11lUNDnNvMng="></latexit><latexit sha1_base64="zey/jOIY6OACms/11lUNDnNvMng="></latexit><latexit sha1_base64="zey/jOIY6OACms/11lUNDnNvMng="></latexit>

�(S+P )adj�<latexit sha1_base64="pzrnypK+skdkXIRKShqdrhzG3Ig="></latexit><latexit sha1_base64="pzrnypK+skdkXIRKShqdrhzG3Ig="></latexit><latexit sha1_base64="pzrnypK+skdkXIRKShqdrhzG3Ig="></latexit><latexit sha1_base64="pzrnypK+skdkXIRKShqdrhzG3Ig="></latexit>
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[see also Braun, 2006; Mitter, Pawlowski, Strodthoff 2014]



gs
<latexit sha1_base64="BsC/G4qd4agAYuSla7okun3spvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ6WK25dXcBsk68gtSgQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6IxdWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHNV99y6d9+oNRtFHGU4g3O4BA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AFGcjcM=</latexit><latexit sha1_base64="BsC/G4qd4agAYuSla7okun3spvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ6WK25dXcBsk68gtSgQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6IxdWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHNV99y6d9+oNRtFHGU4g3O4BA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AFGcjcM=</latexit><latexit sha1_base64="BsC/G4qd4agAYuSla7okun3spvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ6WK25dXcBsk68gtSgQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6IxdWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHNV99y6d9+oNRtFHGU4g3O4BA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AFGcjcM=</latexit><latexit sha1_base64="BsC/G4qd4agAYuSla7okun3spvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ6WK25dXcBsk68gtSgQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6IxdWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHNV99y6d9+oNRtFHGU4g3O4BA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AFGcjcM=</latexit>

gs
<latexit sha1_base64="BsC/G4qd4agAYuSla7okun3spvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ6WK25dXcBsk68gtSgQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6IxdWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHNV99y6d9+oNRtFHGU4g3O4BA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AFGcjcM=</latexit><latexit sha1_base64="BsC/G4qd4agAYuSla7okun3spvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ6WK25dXcBsk68gtSgQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6IxdWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHNV99y6d9+oNRtFHGU4g3O4BA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AFGcjcM=</latexit><latexit sha1_base64="BsC/G4qd4agAYuSla7okun3spvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ6WK25dXcBsk68gtSgQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6IxdWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHNV99y6d9+oNRtFHGU4g3O4BA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AFGcjcM=</latexit><latexit sha1_base64="BsC/G4qd4agAYuSla7okun3spvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ6WK25dXcBsk68gtSgQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6IxdWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHNV99y6d9+oNRtFHGU4g3O4BA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AFGcjcM=</latexit>

gs
<latexit sha1_base64="BsC/G4qd4agAYuSla7okun3spvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ6WK25dXcBsk68gtSgQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6IxdWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHNV99y6d9+oNRtFHGU4g3O4BA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AFGcjcM=</latexit><latexit sha1_base64="BsC/G4qd4agAYuSla7okun3spvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ6WK25dXcBsk68gtSgQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6IxdWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHNV99y6d9+oNRtFHGU4g3O4BA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AFGcjcM=</latexit><latexit sha1_base64="BsC/G4qd4agAYuSla7okun3spvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ6WK25dXcBsk68gtSgQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6IxdWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHNV99y6d9+oNRtFHGU4g3O4BA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AFGcjcM=</latexit><latexit sha1_base64="BsC/G4qd4agAYuSla7okun3spvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ6WK25dXcBsk68gtSgQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6IxdWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHNV99y6d9+oNRtFHGU4g3O4BA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AFGcjcM=</latexit>

gs
<latexit sha1_base64="BsC/G4qd4agAYuSla7okun3spvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ6WK25dXcBsk68gtSgQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6IxdWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHNV99y6d9+oNRtFHGU4g3O4BA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AFGcjcM=</latexit><latexit sha1_base64="BsC/G4qd4agAYuSla7okun3spvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ6WK25dXcBsk68gtSgQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6IxdWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHNV99y6d9+oNRtFHGU4g3O4BA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AFGcjcM=</latexit><latexit sha1_base64="BsC/G4qd4agAYuSla7okun3spvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ6WK25dXcBsk68gtSgQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6IxdWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHNV99y6d9+oNRtFHGU4g3O4BA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AFGcjcM=</latexit><latexit sha1_base64="BsC/G4qd4agAYuSla7okun3spvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ6WK25dXcBsk68gtSgQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6IxdWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHNV99y6d9+oNRtFHGU4g3O4BA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AFGcjcM=</latexit>
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RG flow of four-quark interactions
Structure of the β functions and formation of condensates

RG flow equation:

+
<latexit sha1_base64="nTWTJNOVoMXfqPRhrG9DuIml8iI="></latexit><latexit sha1_base64="nTWTJNOVoMXfqPRhrG9DuIml8iI="></latexit><latexit sha1_base64="nTWTJNOVoMXfqPRhrG9DuIml8iI="></latexit><latexit sha1_base64="nTWTJNOVoMXfqPRhrG9DuIml8iI="></latexit>

undefined

1

undefined

1

gs

undefined

1

gs

�j
<latexit sha1_base64="hLkExTRuVtXUjxGEpl+gTfmQlvM="></latexit><latexit sha1_base64="hLkExTRuVtXUjxGEpl+gTfmQlvM="></latexit><latexit sha1_base64="hLkExTRuVtXUjxGEpl+gTfmQlvM="></latexit><latexit sha1_base64="hLkExTRuVtXUjxGEpl+gTfmQlvM="></latexit>

+
<latexit sha1_base64="nTWTJNOVoMXfqPRhrG9DuIml8iI="></latexit><latexit sha1_base64="nTWTJNOVoMXfqPRhrG9DuIml8iI="></latexit><latexit sha1_base64="nTWTJNOVoMXfqPRhrG9DuIml8iI="></latexit><latexit sha1_base64="nTWTJNOVoMXfqPRhrG9DuIml8iI="></latexit>

k
@

@k
�i = 2�i �

X

j,l

�j

<latexit sha1_base64="DNzA6gDXvE+khk5AX/Qt8FzeBSk="></latexit><latexit sha1_base64="DNzA6gDXvE+khk5AX/Qt8FzeBSk="></latexit><latexit sha1_base64="DNzA6gDXvE+khk5AX/Qt8FzeBSk="></latexit><latexit sha1_base64="DNzA6gDXvE+khk5AX/Qt8FzeBSk="></latexit>
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<latexit sha1_base64="DiD9vPRMfh8iMAiu2TMTuGvnCpY=">AAACLHicdVDPSyMxGM34Y9WurtU9egmWBU9DItbWm+DFowtbFTpl+CbNTEMzyZBklDLOH+TFf2Vh8aDIXvfv2LRWUNEHgcd73yPf95JCCusIeQwWFpeWv6ysrjW+rm9822xubZ9bXRrGe0xLbS4TsFwKxXtOOMkvC8MhTyS/SMYnU//iihsrtPrlJgUf5JApkQoGzktx8yRKDbCK1lWUgMGR9NEhxKLGUSKy7AbH1TiOcnAjk1 fM1F6XWmVGZCMHxuhrTHDcbJHwaJ+2D48wCQ8o7Ry2PSEd0u52MQ3JDC00x1nc/BMNNStzrhyTYG2fksINKjBOMMnrRlRaXgAbQ8b7nirIuR1Us2Nr/MMrQ5xq459yeKa+TlSQWzvJEz85Xdu+96biR16/dGl3UAlVlI4r9vxRWkrsNJ42h4fCcObkxBNgRvhdMRuBb8/5fhu+hJdL8efkfD+kJKQ/D1rHZF7HKtpBu2gPUdRBx+gUnaEeYugW/UYP6DG4C+6Dp+Dv8+hCMM98R28Q/PsPCmOpQw==</latexit><latexit sha1_base64="DiD9vPRMfh8iMAiu2TMTuGvnCpY=">AAACLHicdVDPSyMxGM34Y9WurtU9egmWBU9DItbWm+DFowtbFTpl+CbNTEMzyZBklDLOH+TFf2Vh8aDIXvfv2LRWUNEHgcd73yPf95JCCusIeQwWFpeWv6ysrjW+rm9822xubZ9bXRrGe0xLbS4TsFwKxXtOOMkvC8MhTyS/SMYnU//iihsrtPrlJgUf5JApkQoGzktx8yRKDbCK1lWUgMGR9NEhxKLGUSKy7AbH1TiOcnAjk1 fM1F6XWmVGZCMHxuhrTHDcbJHwaJ+2D48wCQ8o7Ry2PSEd0u52MQ3JDC00x1nc/BMNNStzrhyTYG2fksINKjBOMMnrRlRaXgAbQ8b7nirIuR1Us2Nr/MMrQ5xq459yeKa+TlSQWzvJEz85Xdu+96biR16/dGl3UAlVlI4r9vxRWkrsNJ42h4fCcObkxBNgRvhdMRuBb8/5fhu+hJdL8efkfD+kJKQ/D1rHZF7HKtpBu2gPUdRBx+gUnaEeYugW/UYP6DG4C+6Dp+Dv8+hCMM98R28Q/PsPCmOpQw==</latexit><latexit sha1_base64="DiD9vPRMfh8iMAiu2TMTuGvnCpY=">AAACLHicdVDPSyMxGM34Y9WurtU9egmWBU9DItbWm+DFowtbFTpl+CbNTEMzyZBklDLOH+TFf2Vh8aDIXvfv2LRWUNEHgcd73yPf95JCCusIeQwWFpeWv6ysrjW+rm9822xubZ9bXRrGe0xLbS4TsFwKxXtOOMkvC8MhTyS/SMYnU//iihsrtPrlJgUf5JApkQoGzktx8yRKDbCK1lWUgMGR9NEhxKLGUSKy7AbH1TiOcnAjk1 fM1F6XWmVGZCMHxuhrTHDcbJHwaJ+2D48wCQ8o7Ry2PSEd0u52MQ3JDC00x1nc/BMNNStzrhyTYG2fksINKjBOMMnrRlRaXgAbQ8b7nirIuR1Us2Nr/MMrQ5xq459yeKa+TlSQWzvJEz85Xdu+96biR16/dGl3UAlVlI4r9vxRWkrsNJ42h4fCcObkxBNgRvhdMRuBb8/5fhu+hJdL8efkfD+kJKQ/D1rHZF7HKtpBu2gPUdRBx+gUnaEeYugW/UYP6DG4C+6Dp+Dv8+hCMM98R28Q/PsPCmOpQw==</latexit><latexit sha1_base64="DiD9vPRMfh8iMAiu2TMTuGvnCpY=">AAACLHicdVDPSyMxGM34Y9WurtU9egmWBU9DItbWm+DFowtbFTpl+CbNTEMzyZBklDLOH+TFf2Vh8aDIXvfv2LRWUNEHgcd73yPf95JCCusIeQwWFpeWv6ysrjW+rm9822xubZ9bXRrGe0xLbS4TsFwKxXtOOMkvC8MhTyS/SMYnU//iihsrtPrlJgUf5JApkQoGzktx8yRKDbCK1lWUgMGR9NEhxKLGUSKy7AbH1TiOcnAjk1 fM1F6XWmVGZCMHxuhrTHDcbJHwaJ+2D48wCQ8o7Ry2PSEd0u52MQ3JDC00x1nc/BMNNStzrhyTYG2fksINKjBOMMnrRlRaXgAbQ8b7nirIuR1Us2Nr/MMrQ5xq459yeKa+TlSQWzvJEz85Xdu+96biR16/dGl3UAlVlI4r9vxRWkrsNJ42h4fCcObkxBNgRvhdMRuBb8/5fhu+hJdL8efkfD+kJKQ/D1rHZF7HKtpBu2gPUdRBx+gUnaEeYugW/UYP6DG4C+6Dp+Dv8+hCMM98R28Q/PsPCmOpQw==</latexit>
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<latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit>
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<latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit>
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<latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit>

At k = Λ: 

gs(Λ) only parameter
�(UV)
i = 0

<latexit sha1_base64="gr/+SA/4bNOQdfEoUV5+T/XFRS4=">AAACBHicbVBPS8MwHE39O+e/qsddgkOYl5GKoBdh4MXjBLsNtlrSNN3CkrYkqTDKDl78Kl48KOLVD+HNb2O69aCbDwKP996P/H4vSDlTGqFva2V1bX1js7JV3d7Z3du3Dw47KskkoS5JeCJ7AVaUs5i6mmlOe6mkWAScdoPxdeF3H6hULInv9CSlnsDDmEWMYG0k364NuAmH2Gf3A4H1SIq84XZOp/AKIt+uoyaaAS4TpyR1UKLt21+DMCGZoLEmHCvVd1CqvRxLzQin0+ogUzTFZIyHtG9ojAVVXj47YgpPjBLCKJHmxRrO1N8TORZKTURgksWiatErxP+8fqajSy9ncZppGpP5R1HGoU5g0QgMmaRE84khmEhmdoVkhCUm2vRWNSU4iycvk85Z00FN5/a83kJlHRVQA8egARxwAVrgBrSBCwh4BM/gFbxZT9aL9W59zKMrVjlzBP7A+vwBMLWXEA==</latexit><latexit sha1_base64="gr/+SA/4bNOQdfEoUV5+T/XFRS4=">AAACBHicbVBPS8MwHE39O+e/qsddgkOYl5GKoBdh4MXjBLsNtlrSNN3CkrYkqTDKDl78Kl48KOLVD+HNb2O69aCbDwKP996P/H4vSDlTGqFva2V1bX1js7JV3d7Z3du3Dw47KskkoS5JeCJ7AVaUs5i6mmlOe6mkWAScdoPxdeF3H6hULInv9CSlnsDDmEWMYG0k364NuAmH2Gf3A4H1SIq84XZOp/AKIt+uoyaaAS4TpyR1UKLt21+DMCGZoLEmHCvVd1CqvRxLzQin0+ogUzTFZIyHtG9ojAVVXj47YgpPjBLCKJHmxRrO1N8TORZKTURgksWiatErxP+8fqajSy9ncZppGpP5R1HGoU5g0QgMmaRE84khmEhmdoVkhCUm2vRWNSU4iycvk85Z00FN5/a83kJlHRVQA8egARxwAVrgBrSBCwh4BM/gFbxZT9aL9W59zKMrVjlzBP7A+vwBMLWXEA==</latexit><latexit sha1_base64="gr/+SA/4bNOQdfEoUV5+T/XFRS4=">AAACBHicbVBPS8MwHE39O+e/qsddgkOYl5GKoBdh4MXjBLsNtlrSNN3CkrYkqTDKDl78Kl48KOLVD+HNb2O69aCbDwKP996P/H4vSDlTGqFva2V1bX1js7JV3d7Z3du3Dw47KskkoS5JeCJ7AVaUs5i6mmlOe6mkWAScdoPxdeF3H6hULInv9CSlnsDDmEWMYG0k364NuAmH2Gf3A4H1SIq84XZOp/AKIt+uoyaaAS4TpyR1UKLt21+DMCGZoLEmHCvVd1CqvRxLzQin0+ogUzTFZIyHtG9ojAVVXj47YgpPjBLCKJHmxRrO1N8TORZKTURgksWiatErxP+8fqajSy9ncZppGpP5R1HGoU5g0QgMmaRE84khmEhmdoVkhCUm2vRWNSU4iycvk85Z00FN5/a83kJlHRVQA8egARxwAVrgBrSBCwh4BM/gFbxZT9aL9W59zKMrVjlzBP7A+vwBMLWXEA==</latexit><latexit sha1_base64="gr/+SA/4bNOQdfEoUV5+T/XFRS4=">AAACBHicbVBPS8MwHE39O+e/qsddgkOYl5GKoBdh4MXjBLsNtlrSNN3CkrYkqTDKDl78Kl48KOLVD+HNb2O69aCbDwKP996P/H4vSDlTGqFva2V1bX1js7JV3d7Z3du3Dw47KskkoS5JeCJ7AVaUs5i6mmlOe6mkWAScdoPxdeF3H6hULInv9CSlnsDDmEWMYG0k364NuAmH2Gf3A4H1SIq84XZOp/AKIt+uoyaaAS4TpyR1UKLt21+DMCGZoLEmHCvVd1CqvRxLzQin0+ogUzTFZIyHtG9ojAVVXj47YgpPjBLCKJHmxRrO1N8TORZKTURgksWiatErxP+8fqajSy9ncZppGpP5R1HGoU5g0QgMmaRE84khmEhmdoVkhCUm2vRWNSU4iycvk85Z00FN5/a83kJlHRVQA8egARxwAVrgBrSBCwh4BM/gFbxZT9aL9W59zKMrVjlzBP7A+vwBMLWXEA==</latexit>

Illustrative RG flow of four-quark couplings
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<latexit sha1_base64="ytuFCmCCG7nvPiQYIYdM6jzxTCk="></latexit><latexit sha1_base64="ytuFCmCCG7nvPiQYIYdM6jzxTCk="></latexit><latexit sha1_base64="ytuFCmCCG7nvPiQYIYdM6jzxTCk="></latexit><latexit sha1_base64="ytuFCmCCG7nvPiQYIYdM6jzxTCk="></latexit>
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<latexit sha1_base64="B/4zlN4L6nYrpxQ5Q24wxsGK1HY="></latexit><latexit sha1_base64="B/4zlN4L6nYrpxQ5Q24wxsGK1HY="></latexit><latexit sha1_base64="B/4zlN4L6nYrpxQ5Q24wxsGK1HY="></latexit><latexit sha1_base64="B/4zlN4L6nYrpxQ5Q24wxsGK1HY="></latexit>

�(V+A)adjk
<latexit sha1_base64="EhT5IN5zum9EU9zH6LuaGoBwgo0="></latexit><latexit sha1_base64="EhT5IN5zum9EU9zH6LuaGoBwgo0="></latexit><latexit sha1_base64="EhT5IN5zum9EU9zH6LuaGoBwgo0="></latexit><latexit sha1_base64="EhT5IN5zum9EU9zH6LuaGoBwgo0="></latexit>
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<latexit sha1_base64="Df+Bbn3vXLH39TtjG42aLkhbW7s="></latexit><latexit sha1_base64="Df+Bbn3vXLH39TtjG42aLkhbW7s="></latexit><latexit sha1_base64="Df+Bbn3vXLH39TtjG42aLkhbW7s="></latexit><latexit sha1_base64="Df+Bbn3vXLH39TtjG42aLkhbW7s="></latexit>
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[see also Braun, 2006; Mitter, Pawlowski, Strodthoff 2014]
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RG flow of four-quark interactions
Structure of the β functions and formation of condensates

RG flow equation:
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<latexit sha1_base64="DiD9vPRMfh8iMAiu2TMTuGvnCpY=">AAACLHicdVDPSyMxGM34Y9WurtU9egmWBU9DItbWm+DFowtbFTpl+CbNTEMzyZBklDLOH+TFf2Vh8aDIXvfv2LRWUNEHgcd73yPf95JCCusIeQwWFpeWv6ysrjW+rm9822xubZ9bXRrGe0xLbS4TsFwKxXtOOMkvC8MhTyS/SMYnU//iihsrtPrlJgUf5JApkQoGzktx8yRKDbCK1lWUgMGR9NEhxKLGUSKy7AbH1TiOcnAjk1 fM1F6XWmVGZCMHxuhrTHDcbJHwaJ+2D48wCQ8o7Ry2PSEd0u52MQ3JDC00x1nc/BMNNStzrhyTYG2fksINKjBOMMnrRlRaXgAbQ8b7nirIuR1Us2Nr/MMrQ5xq459yeKa+TlSQWzvJEz85Xdu+96biR16/dGl3UAlVlI4r9vxRWkrsNJ42h4fCcObkxBNgRvhdMRuBb8/5fhu+hJdL8efkfD+kJKQ/D1rHZF7HKtpBu2gPUdRBx+gUnaEeYugW/UYP6DG4C+6Dp+Dv8+hCMM98R28Q/PsPCmOpQw==</latexit><latexit sha1_base64="DiD9vPRMfh8iMAiu2TMTuGvnCpY=">AAACLHicdVDPSyMxGM34Y9WurtU9egmWBU9DItbWm+DFowtbFTpl+CbNTEMzyZBklDLOH+TFf2Vh8aDIXvfv2LRWUNEHgcd73yPf95JCCusIeQwWFpeWv6ysrjW+rm9822xubZ9bXRrGe0xLbS4TsFwKxXtOOMkvC8MhTyS/SMYnU//iihsrtPrlJgUf5JApkQoGzktx8yRKDbCK1lWUgMGR9NEhxKLGUSKy7AbH1TiOcnAjk1 fM1F6XWmVGZCMHxuhrTHDcbJHwaJ+2D48wCQ8o7Ry2PSEd0u52MQ3JDC00x1nc/BMNNStzrhyTYG2fksINKjBOMMnrRlRaXgAbQ8b7nirIuR1Us2Nr/MMrQ5xq459yeKa+TlSQWzvJEz85Xdu+96biR16/dGl3UAlVlI4r9vxRWkrsNJ42h4fCcObkxBNgRvhdMRuBb8/5fhu+hJdL8efkfD+kJKQ/D1rHZF7HKtpBu2gPUdRBx+gUnaEeYugW/UYP6DG4C+6Dp+Dv8+hCMM98R28Q/PsPCmOpQw==</latexit><latexit sha1_base64="DiD9vPRMfh8iMAiu2TMTuGvnCpY=">AAACLHicdVDPSyMxGM34Y9WurtU9egmWBU9DItbWm+DFowtbFTpl+CbNTEMzyZBklDLOH+TFf2Vh8aDIXvfv2LRWUNEHgcd73yPf95JCCusIeQwWFpeWv6ysrjW+rm9822xubZ9bXRrGe0xLbS4TsFwKxXtOOMkvC8MhTyS/SMYnU//iihsrtPrlJgUf5JApkQoGzktx8yRKDbCK1lWUgMGR9NEhxKLGUSKy7AbH1TiOcnAjk1 fM1F6XWmVGZCMHxuhrTHDcbJHwaJ+2D48wCQ8o7Ry2PSEd0u52MQ3JDC00x1nc/BMNNStzrhyTYG2fksINKjBOMMnrRlRaXgAbQ8b7nirIuR1Us2Nr/MMrQ5xq459yeKa+TlSQWzvJEz85Xdu+96biR16/dGl3UAlVlI4r9vxRWkrsNJ42h4fCcObkxBNgRvhdMRuBb8/5fhu+hJdL8efkfD+kJKQ/D1rHZF7HKtpBu2gPUdRBx+gUnaEeYugW/UYP6DG4C+6Dp+Dv8+hCMM98R28Q/PsPCmOpQw==</latexit><latexit sha1_base64="DiD9vPRMfh8iMAiu2TMTuGvnCpY=">AAACLHicdVDPSyMxGM34Y9WurtU9egmWBU9DItbWm+DFowtbFTpl+CbNTEMzyZBklDLOH+TFf2Vh8aDIXvfv2LRWUNEHgcd73yPf95JCCusIeQwWFpeWv6ysrjW+rm9822xubZ9bXRrGe0xLbS4TsFwKxXtOOMkvC8MhTyS/SMYnU//iihsrtPrlJgUf5JApkQoGzktx8yRKDbCK1lWUgMGR9NEhxKLGUSKy7AbH1TiOcnAjk1 fM1F6XWmVGZCMHxuhrTHDcbJHwaJ+2D48wCQ8o7Ry2PSEd0u52MQ3JDC00x1nc/BMNNStzrhyTYG2fksINKjBOMMnrRlRaXgAbQ8b7nirIuR1Us2Nr/MMrQ5xq459yeKa+TlSQWzvJEz85Xdu+96biR16/dGl3UAlVlI4r9vxRWkrsNJ42h4fCcObkxBNgRvhdMRuBb8/5fhu+hJdL8efkfD+kJKQ/D1rHZF7HKtpBu2gPUdRBx+gUnaEeYugW/UYP6DG4C+6Dp+Dv8+hCMM98R28Q/PsPCmOpQw==</latexit>

gs
<latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit>

gs
<latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit>

gs
<latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit>

gs
<latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit><latexit sha1_base64="kV/5JJwIeE3RYJGcHEEa3NjuXXA="></latexit>

At k = Λ: 

gs(Λ) only parameter
�(UV)
i = 0

<latexit sha1_base64="gr/+SA/4bNOQdfEoUV5+T/XFRS4=">AAACBHicbVBPS8MwHE39O+e/qsddgkOYl5GKoBdh4MXjBLsNtlrSNN3CkrYkqTDKDl78Kl48KOLVD+HNb2O69aCbDwKP996P/H4vSDlTGqFva2V1bX1js7JV3d7Z3du3Dw47KskkoS5JeCJ7AVaUs5i6mmlOe6mkWAScdoPxdeF3H6hULInv9CSlnsDDmEWMYG0k364NuAmH2Gf3A4H1SIq84XZOp/AKIt+uoyaaAS4TpyR1UKLt21+DMCGZoLEmHCvVd1CqvRxLzQin0+ogUzTFZIyHtG9ojAVVXj47YgpPjBLCKJHmxRrO1N8TORZKTURgksWiatErxP+8fqajSy9ncZppGpP5R1HGoU5g0QgMmaRE84khmEhmdoVkhCUm2vRWNSU4iycvk85Z00FN5/a83kJlHRVQA8egARxwAVrgBrSBCwh4BM/gFbxZT9aL9W59zKMrVjlzBP7A+vwBMLWXEA==</latexit><latexit sha1_base64="gr/+SA/4bNOQdfEoUV5+T/XFRS4=">AAACBHicbVBPS8MwHE39O+e/qsddgkOYl5GKoBdh4MXjBLsNtlrSNN3CkrYkqTDKDl78Kl48KOLVD+HNb2O69aCbDwKP996P/H4vSDlTGqFva2V1bX1js7JV3d7Z3du3Dw47KskkoS5JeCJ7AVaUs5i6mmlOe6mkWAScdoPxdeF3H6hULInv9CSlnsDDmEWMYG0k364NuAmH2Gf3A4H1SIq84XZOp/AKIt+uoyaaAS4TpyR1UKLt21+DMCGZoLEmHCvVd1CqvRxLzQin0+ogUzTFZIyHtG9ojAVVXj47YgpPjBLCKJHmxRrO1N8TORZKTURgksWiatErxP+8fqajSy9ncZppGpP5R1HGoU5g0QgMmaRE84khmEhmdoVkhCUm2vRWNSU4iycvk85Z00FN5/a83kJlHRVQA8egARxwAVrgBrSBCwh4BM/gFbxZT9aL9W59zKMrVjlzBP7A+vwBMLWXEA==</latexit><latexit sha1_base64="gr/+SA/4bNOQdfEoUV5+T/XFRS4=">AAACBHicbVBPS8MwHE39O+e/qsddgkOYl5GKoBdh4MXjBLsNtlrSNN3CkrYkqTDKDl78Kl48KOLVD+HNb2O69aCbDwKP996P/H4vSDlTGqFva2V1bX1js7JV3d7Z3du3Dw47KskkoS5JeCJ7AVaUs5i6mmlOe6mkWAScdoPxdeF3H6hULInv9CSlnsDDmEWMYG0k364NuAmH2Gf3A4H1SIq84XZOp/AKIt+uoyaaAS4TpyR1UKLt21+DMCGZoLEmHCvVd1CqvRxLzQin0+ogUzTFZIyHtG9ojAVVXj47YgpPjBLCKJHmxRrO1N8TORZKTURgksWiatErxP+8fqajSy9ncZppGpP5R1HGoU5g0QgMmaRE84khmEhmdoVkhCUm2vRWNSU4iycvk85Z00FN5/a83kJlHRVQA8egARxwAVrgBrSBCwh4BM/gFbxZT9aL9W59zKMrVjlzBP7A+vwBMLWXEA==</latexit><latexit sha1_base64="gr/+SA/4bNOQdfEoUV5+T/XFRS4=">AAACBHicbVBPS8MwHE39O+e/qsddgkOYl5GKoBdh4MXjBLsNtlrSNN3CkrYkqTDKDl78Kl48KOLVD+HNb2O69aCbDwKP996P/H4vSDlTGqFva2V1bX1js7JV3d7Z3du3Dw47KskkoS5JeCJ7AVaUs5i6mmlOe6mkWAScdoPxdeF3H6hULInv9CSlnsDDmEWMYG0k364NuAmH2Gf3A4H1SIq84XZOp/AKIt+uoyaaAS4TpyR1UKLt21+DMCGZoLEmHCvVd1CqvRxLzQin0+ogUzTFZIyHtG9ojAVVXj47YgpPjBLCKJHmxRrO1N8TORZKTURgksWiatErxP+8fqajSy9ncZppGpP5R1HGoU5g0QgMmaRE84khmEhmdoVkhCUm2vRWNSU4iycvk85Z00FN5/a83kJlHRVQA8egARxwAVrgBrSBCwh4BM/gFbxZT9aL9W59zKMrVjlzBP7A+vwBMLWXEA==</latexit>

Illustrative RG flow of four-quark couplings
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�(V�A)k
<latexit sha1_base64="mWQDwNp9L+Js3u7lGrVSrKFint4="></latexit><latexit sha1_base64="mWQDwNp9L+Js3u7lGrVSrKFint4="></latexit><latexit sha1_base64="mWQDwNp9L+Js3u7lGrVSrKFint4="></latexit><latexit sha1_base64="mWQDwNp9L+Js3u7lGrVSrKFint4="></latexit>

�(V�A)?
<latexit sha1_base64="ytuFCmCCG7nvPiQYIYdM6jzxTCk="></latexit><latexit sha1_base64="ytuFCmCCG7nvPiQYIYdM6jzxTCk="></latexit><latexit sha1_base64="ytuFCmCCG7nvPiQYIYdM6jzxTCk="></latexit><latexit sha1_base64="ytuFCmCCG7nvPiQYIYdM6jzxTCk="></latexit>

�(V+A)?
<latexit sha1_base64="B/4zlN4L6nYrpxQ5Q24wxsGK1HY="></latexit><latexit sha1_base64="B/4zlN4L6nYrpxQ5Q24wxsGK1HY="></latexit><latexit sha1_base64="B/4zlN4L6nYrpxQ5Q24wxsGK1HY="></latexit><latexit sha1_base64="B/4zlN4L6nYrpxQ5Q24wxsGK1HY="></latexit>

�(V+A)adjk
<latexit sha1_base64="EhT5IN5zum9EU9zH6LuaGoBwgo0="></latexit><latexit sha1_base64="EhT5IN5zum9EU9zH6LuaGoBwgo0="></latexit><latexit sha1_base64="EhT5IN5zum9EU9zH6LuaGoBwgo0="></latexit><latexit sha1_base64="EhT5IN5zum9EU9zH6LuaGoBwgo0="></latexit>

�(V�A)adj
?

<latexit sha1_base64="Df+Bbn3vXLH39TtjG42aLkhbW7s="></latexit><latexit sha1_base64="Df+Bbn3vXLH39TtjG42aLkhbW7s="></latexit><latexit sha1_base64="Df+Bbn3vXLH39TtjG42aLkhbW7s="></latexit><latexit sha1_base64="Df+Bbn3vXLH39TtjG42aLkhbW7s="></latexit>

�csc
<latexit sha1_base64="SaaFc93JHMWrFe1Fde7ytNGYUU0="></latexit><latexit sha1_base64="SaaFc93JHMWrFe1Fde7ytNGYUU0="></latexit><latexit sha1_base64="SaaFc93JHMWrFe1Fde7ytNGYUU0="></latexit><latexit sha1_base64="SaaFc93JHMWrFe1Fde7ytNGYUU0="></latexit>
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�(��⇡)
<latexit sha1_base64="3IpuTKPYpZ06AQxGkopspmZjwbY="></latexit><latexit sha1_base64="3IpuTKPYpZ06AQxGkopspmZjwbY="></latexit><latexit sha1_base64="3IpuTKPYpZ06AQxGkopspmZjwbY="></latexit><latexit sha1_base64="3IpuTKPYpZ06AQxGkopspmZjwbY="></latexit>

�(S+P )�
<latexit sha1_base64="jWESDMD576dEI+Hi6JpG7t4alOc="></latexit><latexit sha1_base64="jWESDMD576dEI+Hi6JpG7t4alOc="></latexit><latexit sha1_base64="jWESDMD576dEI+Hi6JpG7t4alOc="></latexit><latexit sha1_base64="jWESDMD576dEI+Hi6JpG7t4alOc="></latexit>

�(V+A)k
<latexit sha1_base64="zey/jOIY6OACms/11lUNDnNvMng="></latexit><latexit sha1_base64="zey/jOIY6OACms/11lUNDnNvMng="></latexit><latexit sha1_base64="zey/jOIY6OACms/11lUNDnNvMng="></latexit><latexit sha1_base64="zey/jOIY6OACms/11lUNDnNvMng="></latexit>

�(S+P )adj�<latexit sha1_base64="pzrnypK+skdkXIRKShqdrhzG3Ig="></latexit><latexit sha1_base64="pzrnypK+skdkXIRKShqdrhzG3Ig="></latexit><latexit sha1_base64="pzrnypK+skdkXIRKShqdrhzG3Ig="></latexit><latexit sha1_base64="pzrnypK+skdkXIRKShqdrhzG3Ig="></latexit>

-3

-2

-1

0

1

2

3

1 1.5 2 2.5 3

λ i

k [GeV]

T = 0 MeV
µ = 0 MeV
µ = 700 MeV

[see also Braun, 2006; Mitter, Pawlowski, Strodthoff 2014]
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Exploring the phase diagram
Patterns of symmetry breaking and formation of condensates

µ ⇡ 330 MeV
<latexit sha1_base64="64OO7NoYLLB6yg2KDrHnAeA1Qg8="></latexit><latexit sha1_base64="64OO7NoYLLB6yg2KDrHnAeA1Qg8="></latexit><latexit sha1_base64="64OO7NoYLLB6yg2KDrHnAeA1Qg8="></latexit><latexit sha1_base64="64OO7NoYLLB6yg2KDrHnAeA1Qg8="></latexit>

T0 ⇡ 150 MeV
<latexit sha1_base64="cmwnxKruTDikPIoVv9Z6p7/ArO0=">AAAMdnicnVZdb9s2FFW7r87JtnR7LDBwc4IkdWJIQdOkbw3cFgvQNi7ifGCRY1ASZXOlKIakmmSEHvZr9rr9nP2TPe5KtmVJTpt2BGxQ55x7eXl5LyVPMKq0bf9z5+5nn3/x5Vf3vm4sLH7z7XdL978/VnEifXLkxyyWpx5WhFFOjjTVjJwKSXDkMXLive1k/Mk7IhWNeU9fC9KP8JDTkPpYAzRYetAb2MjFQsj4CjnbMNfkSh </latexit><latexit sha1_base64="cmwnxKruTDikPIoVv9Z6p7/ArO0=">AAAMdnicnVZdb9s2FFW7r87JtnR7LDBwc4IkdWJIQdOkbw3cFgvQNi7ifGCRY1ASZXOlKIakmmSEHvZr9rr9nP2TPe5KtmVJTpt2BGxQ55x7eXl5LyVPMKq0bf9z5+5nn3/x5Vf3vm4sLH7z7XdL978/VnEifXLkxyyWpx5WhFFOjjTVjJwKSXDkMXLive1k/Mk7IhWNeU9fC9KP8JDTkPpYAzRYetAb2MjFQsj4CjnbMNfkSh </latexit><latexit sha1_base64="cmwnxKruTDikPIoVv9Z6p7/ArO0=">AAAMdnicnVZdb9s2FFW7r87JtnR7LDBwc4IkdWJIQdOkbw3cFgvQNi7ifGCRY1ASZXOlKIakmmSEHvZr9rr9nP2TPe5KtmVJTpt2BGxQ55x7eXl5LyVPMKq0bf9z5+5nn3/x5Vf3vm4sLH7z7XdL978/VnEifXLkxyyWpx5WhFFOjjTVjJwKSXDkMXLive1k/Mk7IhWNeU9fC9KP8JDTkPpYAzRYetAb2MjFQsj4CjnbMNfkSh </latexit><latexit sha1_base64="cmwnxKruTDikPIoVv9Z6p7/ArO0=">AAAMdnicnVZdb9s2FFW7r87JtnR7LDBwc4IkdWJIQdOkbw3cFgvQNi7ifGCRY1ASZXOlKIakmmSEHvZr9rr9nP2TPe5KtmVJTpt2BGxQ55x7eXl5LyVPMKq0bf9z5+5nn3/x5Vf3vm4sLH7z7XdL978/VnEifXLkxyyWpx5WhFFOjjTVjJwKSXDkMXLive1k/Mk7IhWNeU9fC9KP8JDTkPpYAzRYetAb2MjFQsj4CjnbMNfkSh </latexit>

Tc ⇠ �csc(T = 0)
[BCS theory]

Implications 
for EoS!
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�(��⇡)
<latexit sha1_base64="q8saJd7jNKD1xi1/tkBmsywSa2g="></latexit><latexit sha1_base64="q8saJd7jNKD1xi1/tkBmsywSa2g="></latexit><latexit sha1_base64="q8saJd7jNKD1xi1/tkBmsywSa2g="></latexit><latexit sha1_base64="q8saJd7jNKD1xi1/tkBmsywSa2g="></latexit>

�SB
<latexit sha1_base64="RFfSGxNyj4p6sxLIwchjNFx41xU="></latexit><latexit sha1_base64="RFfSGxNyj4p6sxLIwchjNFx41xU="></latexit><latexit sha1_base64="RFfSGxNyj4p6sxLIwchjNFx41xU="></latexit><latexit sha1_base64="RFfSGxNyj4p6sxLIwchjNFx41xU="></latexit>

Formation of CSC 
condensates appears to be favored

Maynooth University, Dublin | August 2018 | XIIIth Quark Confinement and the Hadron Spectrum | Marc Leonhardt  
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Including dynamic gauge fields

• Framework and structure of β functions

• Symmetry breaking patterns

• Implications on the phase diagram

Connecting to low-energy effective models (LEMs)

• Quark-meson-diquark model

• Findings on the equation of state (EoS)

Conclusions and outlook

Outline
I

II

EoS

�
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�

�↵���
<latexit sha1_base64="EL3sqzqcsr9aC0ue0Tk43/9FAC8=">AAACDXicbVC7SgNBFJ2NrxhfUUubwShYhV0RtBRsLBVMImRDuDt7kwyZ2V1m7gphyQ/Y+Cs2ForY2tv5N04eha8DM/dw7rnM3BNlSlry/U+vtLC4tLxSXq2srW9sblW3d5o2zY3AhkhVam4jsKhkgg2SpPA2Mwg6UtiKhheTfusOjZVpckOjDDsa+onsSQHkpG71IFTOHEO3CEFlA+BhhOTuPmjtSoyKYNyt1vy6PwX/S4I5qbE5rrrVjzBORa4xIaHA2nbgZ9QpwJAUCseVMLeYgRhCH9uOJqDRdorpNmN+6JSY91LjTkJ8qn6fKEBbO9KRc2qggf3dm4j/9do59c46hUyynDARs4d6ueKU8kk0PJYGBamRIyCMdH/lYgAGBLkAKy6E4PfKf0nzuB749eD6pHbuz+Mosz22z45YwE7ZObtkV6zBBLtnj+yZvXgP3pP36r3NrCVvPrPLfsB7/wI3yJuU</latexit><latexit sha1_base64="EL3sqzqcsr9aC0ue0Tk43/9FAC8=">AAACDXicbVC7SgNBFJ2NrxhfUUubwShYhV0RtBRsLBVMImRDuDt7kwyZ2V1m7gphyQ/Y+Cs2ForY2tv5N04eha8DM/dw7rnM3BNlSlry/U+vtLC4tLxSXq2srW9sblW3d5o2zY3AhkhVam4jsKhkgg2SpPA2Mwg6UtiKhheTfusOjZVpckOjDDsa+onsSQHkpG71IFTOHEO3CEFlA+BhhOTuPmjtSoyKYNyt1vy6PwX/S4I5qbE5rrrVjzBORa4xIaHA2nbgZ9QpwJAUCseVMLeYgRhCH9uOJqDRdorpNmN+6JSY91LjTkJ8qn6fKEBbO9KRc2qggf3dm4j/9do59c46hUyynDARs4d6ueKU8kk0PJYGBamRIyCMdH/lYgAGBLkAKy6E4PfKf0nzuB749eD6pHbuz+Mosz22z45YwE7ZObtkV6zBBLtnj+yZvXgP3pP36r3NrCVvPrPLfsB7/wI3yJuU</latexit><latexit sha1_base64="EL3sqzqcsr9aC0ue0Tk43/9FAC8=">AAACDXicbVC7SgNBFJ2NrxhfUUubwShYhV0RtBRsLBVMImRDuDt7kwyZ2V1m7gphyQ/Y+Cs2ForY2tv5N04eha8DM/dw7rnM3BNlSlry/U+vtLC4tLxSXq2srW9sblW3d5o2zY3AhkhVam4jsKhkgg2SpPA2Mwg6UtiKhheTfusOjZVpckOjDDsa+onsSQHkpG71IFTOHEO3CEFlA+BhhOTuPmjtSoyKYNyt1vy6PwX/S4I5qbE5rrrVjzBORa4xIaHA2nbgZ9QpwJAUCseVMLeYgRhCH9uOJqDRdorpNmN+6JSY91LjTkJ8qn6fKEBbO9KRc2qggf3dm4j/9do59c46hUyynDARs4d6ueKU8kk0PJYGBamRIyCMdH/lYgAGBLkAKy6E4PfKf0nzuB749eD6pHbuz+Mosz22z45YwE7ZObtkV6zBBLtnj+yZvXgP3pP36r3NrCVvPrPLfsB7/wI3yJuU</latexit><latexit sha1_base64="EL3sqzqcsr9aC0ue0Tk43/9FAC8=">AAACDXicbVC7SgNBFJ2NrxhfUUubwShYhV0RtBRsLBVMImRDuDt7kwyZ2V1m7gphyQ/Y+Cs2ForY2tv5N04eha8DM/dw7rnM3BNlSlry/U+vtLC4tLxSXq2srW9sblW3d5o2zY3AhkhVam4jsKhkgg2SpPA2Mwg6UtiKhheTfusOjZVpckOjDDsa+onsSQHkpG71IFTOHEO3CEFlA+BhhOTuPmjtSoyKYNyt1vy6PwX/S4I5qbE5rrrVjzBORa4xIaHA2nbgZ9QpwJAUCseVMLeYgRhCH9uOJqDRdorpNmN+6JSY91LjTkJ8qn6fKEBbO9KRc2qggf3dm4j/9do59c46hUyynDARs4d6ueKU8kk0PJYGBamRIyCMdH/lYgAGBLkAKy6E4PfKf0nzuB749eD6pHbuz+Mosz22z45YwE7ZObtkV6zBBLtnj+yZvXgP3pP36r3NrCVvPrPLfsB7/wI3yJuU</latexit>
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<latexit sha1_base64="V3WyjmYQ4cY2643tzwp3aL5KJKk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4jmAckS5iddJIhs7PDzGwgLPkILx4U8er3ePNvnCR70MSChqKqm+6uSAlurO9/e4Wt7Z3dveJ+6eDw6PikfHrWMkmqGTZZIhLdiahBwSU2LbcCO0ojjSOB7Whyv/DbU9SGJ/LJzhSGMR1JPuSMWie1e1Oq1Zj3yxW/6i9BNkmQkwrkaPTLX71BwtIYpWWCGtMNfGXDjGrLmcB5qZcaVJRN6Ai7jkoaowmz5blzcuWUARkm2pW0ZKn+nshobMwsjlxnTO3YrHsL8T+vm9rhXZhxqVKLkq0WDVNBbEIWv5MB18ismDlCmebuVsLGVFNmXUIlF0Kw/vImadWqgV8NHm8q9VoeRxEu4BKuIYBbqMMDNKAJDCbwDK/w5invxXv3PlatBS+fOYc/8D5/AHZ6j5Y=</latexit><latexit sha1_base64="V3WyjmYQ4cY2643tzwp3aL5KJKk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4jmAckS5iddJIhs7PDzGwgLPkILx4U8er3ePNvnCR70MSChqKqm+6uSAlurO9/e4Wt7Z3dveJ+6eDw6PikfHrWMkmqGTZZIhLdiahBwSU2LbcCO0ojjSOB7Whyv/DbU9SGJ/LJzhSGMR1JPuSMWie1e1Oq1Zj3yxW/6i9BNkmQkwrkaPTLX71BwtIYpWWCGtMNfGXDjGrLmcB5qZcaVJRN6Ai7jkoaowmz5blzcuWUARkm2pW0ZKn+nshobMwsjlxnTO3YrHsL8T+vm9rhXZhxqVKLkq0WDVNBbEIWv5MB18ismDlCmebuVsLGVFNmXUIlF0Kw/vImadWqgV8NHm8q9VoeRxEu4BKuIYBbqMMDNKAJDCbwDK/w5invxXv3PlatBS+fOYc/8D5/AHZ6j5Y=</latexit><latexit sha1_base64="V3WyjmYQ4cY2643tzwp3aL5KJKk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4jmAckS5iddJIhs7PDzGwgLPkILx4U8er3ePNvnCR70MSChqKqm+6uSAlurO9/e4Wt7Z3dveJ+6eDw6PikfHrWMkmqGTZZIhLdiahBwSU2LbcCO0ojjSOB7Whyv/DbU9SGJ/LJzhSGMR1JPuSMWie1e1Oq1Zj3yxW/6i9BNkmQkwrkaPTLX71BwtIYpWWCGtMNfGXDjGrLmcB5qZcaVJRN6Ai7jkoaowmz5blzcuWUARkm2pW0ZKn+nshobMwsjlxnTO3YrHsL8T+vm9rhXZhxqVKLkq0WDVNBbEIWv5MB18ismDlCmebuVsLGVFNmXUIlF0Kw/vImadWqgV8NHm8q9VoeRxEu4BKuIYBbqMMDNKAJDCbwDK/w5invxXv3PlatBS+fOYc/8D5/AHZ6j5Y=</latexit><latexit sha1_base64="V3WyjmYQ4cY2643tzwp3aL5KJKk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4jmAckS5iddJIhs7PDzGwgLPkILx4U8er3ePNvnCR70MSChqKqm+6uSAlurO9/e4Wt7Z3dveJ+6eDw6PikfHrWMkmqGTZZIhLdiahBwSU2LbcCO0ojjSOB7Whyv/DbU9SGJ/LJzhSGMR1JPuSMWie1e1Oq1Zj3yxW/6i9BNkmQkwrkaPTLX71BwtIYpWWCGtMNfGXDjGrLmcB5qZcaVJRN6Ai7jkoaowmz5blzcuWUARkm2pW0ZKn+nshobMwsjlxnTO3YrHsL8T+vm9rhXZhxqVKLkq0WDVNBbEIWv5MB18ismDlCmebuVsLGVFNmXUIlF0Kw/vImadWqgV8NHm8q9VoeRxEu4BKuIYBbqMMDNKAJDCbwDK/w5invxXv3PlatBS+fOYc/8D5/AHZ6j5Y=</latexit>

�
<latexit sha1_base64="fwfAktAZT4N84jJp7Mss8VA40j0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DGgB48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vbX1jc2t7cJOcXdv/+CwdHTcNCrTDBtMCaXbETUouMSG5VZgO9VIk0hgKxrdzPzWE2rDlXyw4xTDhA4kjzmj1knN7i0KS3ulsl/x5yCrJMhJGXLUe6Wvbl+xLEFpmaDGdAI/teGEasuZwGmxmxlMKRvRAXYclTRBE07m107JuVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/F1OOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQEUXQrD88ippViuBXwnuL8u1ah5HAU7hDC4ggCuowR3UoQEMHuEZXuHNU96L9+59LFrXvHzmBP7A+/wBW7yO7A==</latexit><latexit sha1_base64="fwfAktAZT4N84jJp7Mss8VA40j0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DGgB48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vbX1jc2t7cJOcXdv/+CwdHTcNCrTDBtMCaXbETUouMSG5VZgO9VIk0hgKxrdzPzWE2rDlXyw4xTDhA4kjzmj1knN7i0KS3ulsl/x5yCrJMhJGXLUe6Wvbl+xLEFpmaDGdAI/teGEasuZwGmxmxlMKRvRAXYclTRBE07m107JuVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/F1OOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQEUXQrD88ippViuBXwnuL8u1ah5HAU7hDC4ggCuowR3UoQEMHuEZXuHNU96L9+59LFrXvHzmBP7A+/wBW7yO7A==</latexit><latexit sha1_base64="fwfAktAZT4N84jJp7Mss8VA40j0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DGgB48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vbX1jc2t7cJOcXdv/+CwdHTcNCrTDBtMCaXbETUouMSG5VZgO9VIk0hgKxrdzPzWE2rDlXyw4xTDhA4kjzmj1knN7i0KS3ulsl/x5yCrJMhJGXLUe6Wvbl+xLEFpmaDGdAI/teGEasuZwGmxmxlMKRvRAXYclTRBE07m107JuVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/F1OOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQEUXQrD88ippViuBXwnuL8u1ah5HAU7hDC4ggCuowR3UoQEMHuEZXuHNU96L9+59LFrXvHzmBP7A+/wBW7yO7A==</latexit><latexit sha1_base64="fwfAktAZT4N84jJp7Mss8VA40j0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DGgB48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vbX1jc2t7cJOcXdv/+CwdHTcNCrTDBtMCaXbETUouMSG5VZgO9VIk0hgKxrdzPzWE2rDlXyw4xTDhA4kjzmj1knN7i0KS3ulsl/x5yCrJMhJGXLUe6Wvbl+xLEFpmaDGdAI/teGEasuZwGmxmxlMKRvRAXYclTRBE07m107JuVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/F1OOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQEUXQrD88ippViuBXwnuL8u1ah5HAU7hDC4ggCuowR3UoQEMHuEZXuHNU96L9+59LFrXvHzmBP7A+/wBW7yO7A==</latexit>

now: two most dominant channels

SQMD
<latexit sha1_base64="JcByqZqdLgYnTlAaEoIXIynWT28="></latexit><latexit sha1_base64="JcByqZqdLgYnTlAaEoIXIynWT28="></latexit><latexit sha1_base64="JcByqZqdLgYnTlAaEoIXIynWT28="></latexit><latexit sha1_base64="JcByqZqdLgYnTlAaEoIXIynWT28="></latexit>

}
<latexit sha1_base64="7efNiluDGDGLSXIRbUC3RpapjHQ="></latexit><latexit sha1_base64="7efNiluDGDGLSXIRbUC3RpapjHQ="></latexit><latexit sha1_base64="7efNiluDGDGLSXIRbUC3RpapjHQ="></latexit><latexit sha1_base64="7efNiluDGDGLSXIRbUC3RpapjHQ="></latexit>
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Connecting to low-energy dynamics
Determining parameters at high densities
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<latexit sha1_base64="bKGmpXeK47ZVZlfpQWhyQafu+3Q=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GnomifEY8OIxolkgGUJPp2fSpGehu0cIQz7BiwdFvPpF3vwbO4ugog8KHu9VUVXPTwVXGuMPq7C2vrG5Vdwu7ezu7R+UD486KskkZW2aiET2fKKY4DFra64F66WSkcgXrOtPruZ+955JxZP4Tk9T5kUkjHnAKdFGug2HaliuYNtt1FznAmG77rqNetUQXHerVRc5Nl6gAiu0huX3wSihWcRiTQVRqu/gVHs5kZpTwWalQaZYSuiEhKxvaEwiprx8ceoMnRllhIJEmoo1WqjfJ3ISKTWNfNMZET1Wv725+JfXz3Rw6eU8TjPNYrpcFGQC6QTN/0YjLhnVYmoIoZKbWxEdE0moNumUTAhfn6L/Sce1HWw7N7VKE6/iKMIJnMI5ONCAJlxDC9pAIYQHeIJnS1iP1ov1umwtWKuZY/gB6+0TqOuN/A==</latexit><latexit sha1_base64="bKGmpXeK47ZVZlfpQWhyQafu+3Q=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GnomifEY8OIxolkgGUJPp2fSpGehu0cIQz7BiwdFvPpF3vwbO4ugog8KHu9VUVXPTwVXGuMPq7C2vrG5Vdwu7ezu7R+UD486KskkZW2aiET2fKKY4DFra64F66WSkcgXrOtPruZ+955JxZP4Tk9T5kUkjHnAKdFGug2HaliuYNtt1FznAmG77rqNetUQXHerVRc5Nl6gAiu0huX3wSihWcRiTQVRqu/gVHs5kZpTwWalQaZYSuiEhKxvaEwiprx8ceoMnRllhIJEmoo1WqjfJ3ISKTWNfNMZET1Wv725+JfXz3Rw6eU8TjPNYrpcFGQC6QTN/0YjLhnVYmoIoZKbWxEdE0moNumUTAhfn6L/Sce1HWw7N7VKE6/iKMIJnMI5ONCAJlxDC9pAIYQHeIJnS1iP1ov1umwtWKuZY/gB6+0TqOuN/A==</latexit><latexit sha1_base64="bKGmpXeK47ZVZlfpQWhyQafu+3Q=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GnomifEY8OIxolkgGUJPp2fSpGehu0cIQz7BiwdFvPpF3vwbO4ugog8KHu9VUVXPTwVXGuMPq7C2vrG5Vdwu7ezu7R+UD486KskkZW2aiET2fKKY4DFra64F66WSkcgXrOtPruZ+955JxZP4Tk9T5kUkjHnAKdFGug2HaliuYNtt1FznAmG77rqNetUQXHerVRc5Nl6gAiu0huX3wSihWcRiTQVRqu/gVHs5kZpTwWalQaZYSuiEhKxvaEwiprx8ceoMnRllhIJEmoo1WqjfJ3ISKTWNfNMZET1Wv725+JfXz3Rw6eU8TjPNYrpcFGQC6QTN/0YjLhnVYmoIoZKbWxEdE0moNumUTAhfn6L/Sce1HWw7N7VKE6/iKMIJnMI5ONCAJlxDC9pAIYQHeIJnS1iP1ov1umwtWKuZY/gB6+0TqOuN/A==</latexit><latexit sha1_base64="bKGmpXeK47ZVZlfpQWhyQafu+3Q=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GnomifEY8OIxolkgGUJPp2fSpGehu0cIQz7BiwdFvPpF3vwbO4ugog8KHu9VUVXPTwVXGuMPq7C2vrG5Vdwu7ezu7R+UD486KskkZW2aiET2fKKY4DFra64F66WSkcgXrOtPruZ+955JxZP4Tk9T5kUkjHnAKdFGug2HaliuYNtt1FznAmG77rqNetUQXHerVRc5Nl6gAiu0huX3wSihWcRiTQVRqu/gVHs5kZpTwWalQaZYSuiEhKxvaEwiprx8ceoMnRllhIJEmoo1WqjfJ3ISKTWNfNMZET1Wv725+JfXz3Rw6eU8TjPNYrpcFGQC6QTN/0YjLhnVYmoIoZKbWxEdE0moNumUTAhfn6L/Sce1HWw7N7VKE6/iKMIJnMI5ONCAJlxDC9pAIYQHeIJnS1iP1ov1umwtWKuZY/gB6+0TqOuN/A==</latexit>
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‣ Pass on values of four-quark couplings at 
transition scale Λ0 to access low-energy 
dynamics
‣ Determine parameters of a quark-meson-

diquark model
‣ Parameters temperature and density 

dependent
‣ Circumvent limit of accessible range of 

external parameters 
‣ Minimization of thermodynamic potential: 

size of gaps, pressure, density, …

UV

IR

⇤
<latexit sha1_base64="NrpA2Cno6C419an8yxT+S134SV4=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjQsXFewD2lBuJpN26GQSZiZCCf0INy4Ucev3uPNvnLZZaOuBgcM55zL3niAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTFHWpolIVC9AzQSXrG24EayXKoZxIFg3mNzO/e4TU5on8tFMU+bHOJI84hSNlbqDexsNcVituXV3AbJOvILUoEBrWP0ahAnNYiYNFah133NT4+ eoDKeCzSqDTLMU6QRHrG+pxJhpP1+sOyMXVglJlCj7pCEL9fdEjrHW0ziwyRjNWK96c/E/r5+Z6MbPuUwzwyRdfhRlgpiEzG8nIVeMGjG1BKnidldCx6iQGttQxZbgrZ68TjqNuufWvYerWrNR1FGGMziHS/DgGppwBy1oA4UJPMMrvDmp8+K8Ox/LaMkpZk7hD5zPHwbVj00=</latexit><latexit sha1_base64="NrpA2Cno6C419an8yxT+S134SV4=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjQsXFewD2lBuJpN26GQSZiZCCf0INy4Ucev3uPNvnLZZaOuBgcM55zL3niAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTFHWpolIVC9AzQSXrG24EayXKoZxIFg3mNzO/e4TU5on8tFMU+bHOJI84hSNlbqDexsNcVituXV3AbJOvILUoEBrWP0ahAnNYiYNFah133NT4+ eoDKeCzSqDTLMU6QRHrG+pxJhpP1+sOyMXVglJlCj7pCEL9fdEjrHW0ziwyRjNWK96c/E/r5+Z6MbPuUwzwyRdfhRlgpiEzG8nIVeMGjG1BKnidldCx6iQGttQxZbgrZ68TjqNuufWvYerWrNR1FGGMziHS/DgGppwBy1oA4UJPMMrvDmp8+K8Ox/LaMkpZk7hD5zPHwbVj00=</latexit><latexit sha1_base64="NrpA2Cno6C419an8yxT+S134SV4=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjQsXFewD2lBuJpN26GQSZiZCCf0INy4Ucev3uPNvnLZZaOuBgcM55zL3niAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTFHWpolIVC9AzQSXrG24EayXKoZxIFg3mNzO/e4TU5on8tFMU+bHOJI84hSNlbqDexsNcVituXV3AbJOvILUoEBrWP0ahAnNYiYNFah133NT4+ eoDKeCzSqDTLMU6QRHrG+pxJhpP1+sOyMXVglJlCj7pCEL9fdEjrHW0ziwyRjNWK96c/E/r5+Z6MbPuUwzwyRdfhRlgpiEzG8nIVeMGjG1BKnidldCx6iQGttQxZbgrZ68TjqNuufWvYerWrNR1FGGMziHS/DgGppwBy1oA4UJPMMrvDmp8+K8Ox/LaMkpZk7hD5zPHwbVj00=</latexit><latexit sha1_base64="NrpA2Cno6C419an8yxT+S134SV4=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjQsXFewD2lBuJpN26GQSZiZCCf0INy4Ucev3uPNvnLZZaOuBgcM55zL3niAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTFHWpolIVC9AzQSXrG24EayXKoZxIFg3mNzO/e4TU5on8tFMU+bHOJI84hSNlbqDexsNcVituXV3AbJOvILUoEBrWP0ahAnNYiYNFah133NT4+ eoDKeCzSqDTLMU6QRHrG+pxJhpP1+sOyMXVglJlCj7pCEL9fdEjrHW0ziwyRjNWK96c/E/r5+Z6MbPuUwzwyRdfhRlgpiEzG8nIVeMGjG1BKnidldCx6iQGttQxZbgrZ68TjqNuufWvYerWrNR1FGGMziHS/DgGppwBy1oA4UJPMMrvDmp8+K8Ox/LaMkpZk7hD5zPHwbVj00=</latexit>

0
<latexit sha1_base64="elr18gdODKYb3N5ICnBhHiZs0CU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz90SYyk</latexit><latexit sha1_base64="elr18gdODKYb3N5ICnBhHiZs0CU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz90SYyk</latexit><latexit sha1_base64="elr18gdODKYb3N5ICnBhHiZs0CU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz90SYyk</latexit><latexit sha1_base64="elr18gdODKYb3N5ICnBhHiZs0CU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz90SYyk</latexit>

k
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Implications on the equation of state
Connecting to the quark-meson-diquark model

[𝜒EFT data by C. Drischler, K. Hebeler and A. Schwenk]

• Compatible to pQCD [E. S. Fraga, A. Kurkela, and A. Vuorinen, 2015] 
• Degrees of freedom at smaller densities [e.g. M. Drews and  W. Weise, 2016]

Pressure as a function of the baryonic density
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Conclusions and outlook
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Dynamic gauge fields
• Dynamical generation of four-quark interactions by gluodynamics
• Importance of Fierz-completeness at high quark chemical potential and 

low temperature
• Formation of CSC condensates appears to be favored at high densities

Connecting to low-energy dynamics
• Utilizing RG flow of four-quark couplings to determine parameters of low-

energy effective model at high densities
• Equation of state: 

- Connects to free gas pressure at asymptotically large densities
- Pressure towards smaller densities lifted to higher values;  

compatibility with χEFT results appears to be improved

Outlook
• Improve connection between high- and low-energy regime by employing 

dynamical hadronization techniques 
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Four-quark interactions and symmetry breaking
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Four-quark interactions and symmetries
Fierz-complete basis of interactions

Ldet
( ̄ )2 = ( ̄ )2 + ( ̄�5 )
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2
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[Rapp, Schäfer, Shuryak, Velkovsky, 1998]

Fierz identities Fierz-complete basis:
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Exploring the phase diagram
Fixed-point structure and patterns of symmetry breaking

Ansatz two-channel approximation
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T/k0 = 0 & µ/k0 = 0
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Exploring the phase diagram
Fixed-point structure and patterns of symmetry breaking

Ansatz two-channel approximation
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Exploring the phase diagram
Fixed-point structure and patterns of symmetry breaking

Ansatz two-channel approximation
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Exploring the phase diagram
Fixed-point structure and patterns of symmetry breaking

Ansatz two-channel approximation
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Connecting to low energy effective models
Determining parameters at high densities

Quark-meson-diquark model (QMD)

UV IR
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