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Flow of field parametrisation:
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 [�] ' h@t�̂ki

<latexit sha1_base64="1psuA6LCMzh+oI5JEj8AUD/pNOc=">AAACC3icbVDJSgNBEO1xjXGLevTSJAheDDPidhGCXjxGNAskY+jp1CRNeha6a8Qw5O7FX/HiQRGv/oA3/8bOctDEBwWP96qoqufFUmi07W9rbn5hcWk5s5JdXVvf2MxtbVd1lCgOFR7JSNU9pkGKECooUEI9VsACT0LN610O/do9KC2i8Bb7MbgB64TCF5yhkVq5fLnRjLvCPYe79OCm1UR4QBWk4PuDsUEHrVzBLtoj0FniTEiBTFBu5b6a7YgnAYTIJdO64dgxuilTKLiEQbaZaIgZ77EONAwNWQDaTUe/DOieUdrUj5SpEOlI/T2RskDrfuCZzoBhV097Q/E/r5Ggf+amIowThJCPF/mJpBjRYTC0LRRwlH1DGFfC3Ep5lynG0cSXNSE40y/Pkuph0TkpHl8fFUoXkzgyZJfkyT5xyCkpkStSJhXCySN5Jq/kzXqyXqx362PcOmdNZnbIH1ifPyT6myM=</latexit>

P [�] = e�Seff[�]Measure:

Wegner, J. Phys. C 7 (1974) 2098
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Wegner, J. Phys. C 7 (1974) 2098

Applications

T. R. Morris, Nucl. Phys. B 573, 97 (2000)Gauge theories & gravity:

…

O. J. Rosten, Phys. Rept. 511, 177 (2012)Review:

Gradient fRG flows: Sonoda and H. Suzuki, PTEP 2021, 023B05 (2021) 
Haruna, JMP, Yamada, in prep

Machine Learning & optimal transport: Cotler, Rezchikov, (2022), arXiv:2202.11737 [hep-th]
…



Flows for complex systems

8

choice of composite
<latexit sha1_base64="TvcGUndqp3vEPEuuch0eC/cBtMY=">AAACAHicbZC7TsMwFIZPyq2UW4CBgcWiQmKqEsRtrGBhLBK9SEkUOa7TWHUusp1KVdWFV2FhACFWHoONt8FNM0DLL1n6/J9zZJ8/yDiTyrK+jcrK6tr6RnWztrW9s7tn7h90ZJoLQtsk5anoBVhSzhLaVkxx2ssExXHAaTcY3s3q3REVkqXJoxpn1IvxIGEhI1hpyzeP3AgrN4uYP3QKHGGhb55v1q2GVQgtg11CHUq1fPPL7ackj2miCMdSOraVKW+ChWKE02nNzSXNMBniAXU0Jjim0psUC0zRqXb6KEyFPolChft7YoJjKcdxoDtjrCK5WJuZ/9WcXIU33oQlWa5oQuYPhTlHKkWzNFCfCUoUH2vARDD9V0QiLDBROrOaDsFeXHkZOucN+6px+XBRb96WcVThGE7gDGy4hibcQwvaQGAKz/AKb8aT8WK8Gx/z1opRzhzCHxmfPza1ltI=</latexit>
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<latexit sha1_base64="sCLib5+P0pTP+eohgb2HSLinecQ=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtRGKblxWsA9oQriZTtuhk0mYmQil9Dvc+CtuXCjiTtz4N06aLLT1wsC559zLmXvChDOlHefbKi0tr6yuldcrG5tb2zv27l5LxakktEliHstOCIpyJmhTM81pJ5EUopDTdji6yfT2A5WKxeJejxPqRzAQrM8IaEMFtuv1Yo29ZMjwlcdBDDg1HUjNgAdGGEKuBiNP5mpgV52aMyu8CNwCVFFRjcD+NB4kjajQhINSXddJtD/JPAin04qXKpoAGcGAdg0UEFHlT2anTfGRYXq4H0vzhMYz9vfGBCKlxlFoJiPQQzWvZeR/WjfV/Ut/wkSSaipIbtRPOdYxznLCPSYp0XxsABDJzF8xGYIEok2aFROCO3/yImid1Nzz2tndabV+XcRRRgfoEB0jF12gOrpFDdREBD2iZ/SK3qwn68V6tz7y0ZJV7OyjP2V9/QCVNqCc</latexit>

�̇ = h@t�̂kiFlow of field parametrisation:

Propagator of the composite: 
<latexit sha1_base64="euqGN5qI12VGSAYDhQpQ5m+I244=">AAACKXicbVBbS8MwGE29znmr+uhLcAgbyGjF24sw9EEfJ7gLrKWkWbaFpWlJUlkZ+zu++Fd8UVDUV/+IadcH3TwQODnnOyTf8SNGpbKsT2NhcWl5ZbWwVlzf2NzaNnd2mzKMBSYNHLJQtH0kCaOcNBRVjLQjQVDgM9Lyh9ep33ogQtKQ36skIm6A+pz2KEZKS55Zu/GGHScaULc8Okoq8BI6DPE+I9AZIAVTpzyqZJeMJxVHZL6HpzHPLFlVKwOcJ3ZOSiBH3TNfnW6I44BwhRmSsmNbkXLHSCiKGZkUnViSCOEh6pOOphwFRLrjbNMJPNRKF/ZCoQ9XMFN/J8YokDIJfD0ZIDWQs14q/ud1YtW7cMeUR7EiHE8f6sUMqhCmtcEuFQQrlmiCsKD6rxAPkEBY6XKLugR7duV50jyu2mfV07uTUu0qr6MA9sEBKAMbnIMauAV10AAYPIJn8AbejSfjxfgwvqajC0ae2QN/YHz/AH5ZpaA=</latexit>

Gk[�](x, y) = h�̂(x)�̂(y)ic[�]

<latexit sha1_base64="eVC5opwGnOMYHEDv0MCx9ibwGQY=">AAACDnicbVDLSsNAFJ3UV62vqks3g6VQEUpSfG2EogtdVrEPaGKYTCftkJkkzEyEEvIFbvwVNy4UcevanX/j9LHQ1gMXDufcy733eDGjUpnmt5FbWFxaXsmvFtbWNza3its7LRklApMmjlgkOh6ShNGQNBVVjHRiQRD3GGl7weXIbz8QIWkU3qlhTByO+iH1KUZKS26xDM+h7QuEUytL7SvEObpPK7WDzA26djygzuGtG2RusWRWzTHgPLGmpASmaLjFL7sX4YSTUGGGpOxaZqycFAlFMSNZwU4kiREOUJ90NQ0RJ9JJx+9ksKyVHvQjoStUcKz+nkgRl3LIPd3JkRrIWW8k/ud1E+WfOSkN40SREE8W+QmDKoKjbGCPCoIVG2qCsKD6VogHSIejdIIFHYI1+/I8adWq1kn1+OaoVL+YxpEHe2AfVIAFTkEdXIMGaAIMHsEzeAVvxpPxYrwbH5PWnDGd2QV/YHz+AJpAmzs=</latexit>

=
1
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k [�] +Rk

RG functionals
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choice of composite
<latexit sha1_base64="TvcGUndqp3vEPEuuch0eC/cBtMY=">AAACAHicbZC7TsMwFIZPyq2UW4CBgcWiQmKqEsRtrGBhLBK9SEkUOa7TWHUusp1KVdWFV2FhACFWHoONt8FNM0DLL1n6/J9zZJ8/yDiTyrK+jcrK6tr6RnWztrW9s7tn7h90ZJoLQtsk5anoBVhSzhLaVkxx2ssExXHAaTcY3s3q3REVkqXJoxpn1IvxIGEhI1hpyzeP3AgrN4uYP3QKHGGhb55v1q2GVQgtg11CHUq1fPPL7ackj2miCMdSOraVKW+ChWKE02nNzSXNMBniAXU0Jjim0psUC0zRqXb6KEyFPolChft7YoJjKcdxoDtjrCK5WJuZ/9WcXIU33oQlWa5oQuYPhTlHKkWzNFCfCUoUH2vARDD9V0QiLDBROrOaDsFeXHkZOucN+6px+XBRb96WcVThGE7gDGy4hibcQwvaQGAKz/AKb8aT8WK8Gx/z1opRzhzCHxmfPza1ltI=</latexit>
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choice of regulator
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General flow functional
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<latexit sha1_base64="ygTc92JJACvgJ7vsNNF6dBBplsc="></latexit>
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<latexit sha1_base64="hCtiUGqo4do0zU0qpUXnbD05554=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQizcjmAcmS5id9CZDZmeXmVkhLPkLLx4U8erfePNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqz0kHUZFeR20hv1yhW36s5A/hIvJxXIUe+VP7v9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6ekCOr9EkYK1vSkJn6cyKjkdbjKLCdETVDvehNxf+8TmrCSz/jMkkNSjZfFKaCmJhM3yd9rpAZMbaEMsXtrYQNqaLM2JBKNgRv8eW/pHlS9c6rZ3enldpVHkcRDuAQjsGDC6jBDdShAQwkPMELvDraeXbenPd5a8HJZ/bhF5yPbzvSkKU=</latexit>

Ok
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<latexit sha1_base64="hCtiUGqo4do0zU0qpUXnbD05554=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQizcjmAcmS5id9CZDZmeXmVkhLPkLLx4U8erfePNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqz0kHUZFeR20hv1yhW36s5A/hIvJxXIUe+VP7v9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6ekCOr9EkYK1vSkJn6cyKjkdbjKLCdETVDvehNxf+8TmrCSz/jMkkNSjZfFKaCmJhM3yd9rpAZMbaEMsXtrYQNqaLM2JBKNgRv8eW/pHlS9c6rZ3enldpVHkcRDuAQjsGDC6jBDdShAQwkPMELvDraeXbenPd5a8HJZ/bhF5yPbzvSkKU=</latexit>

Ok

Example:
<latexit sha1_base64="dOV7rzkPVrJh2AiJPgiYbLXvxO4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARBKEkxddGKLrQnRXsA5oYJtNJO2QyCTMToYRs/BU3LhRx62e482+ctllo64ELh3Pu5d57/IRRqSzr25ibX1hcWi6tlFfX1jc2za3tloxTgUkTxywWHR9JwignTUUVI51EEBT5jLT98Grktx+JkDTm92qYEDdCfU4DipHSkmfuZg5GDN7mXngBr73wCDrJgD7UPLNiVa0x4CyxC1IBBRqe+eX0YpxGhCvMkJRd20qUmyGhKGYkLzupJAnCIeqTrqYcRUS62fiBHB5opQeDWOjiCo7V3xMZiqQcRr7ujJAayGlvJP7ndVMVnLsZ5UmqCMeTRUHKoIrhKA3Yo4JgxYaaICyovhXiARIIK51ZWYdgT788S1q1qn1aPbk7rtQvizhKYA/sg0NggzNQBzegAZoAgxw8g1fwZjwZL8a78TFpnTOKmR3wB8bnD8TUlT4=</latexit>

Ok = Gk + �2

<latexit sha1_base64="aJ/VHEA9qHrkyPglMigMXqCvm40="></latexit>
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RG functionals

Talk of Stefan Flörchinger
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choice of composite
<latexit sha1_base64="TvcGUndqp3vEPEuuch0eC/cBtMY=">AAACAHicbZC7TsMwFIZPyq2UW4CBgcWiQmKqEsRtrGBhLBK9SEkUOa7TWHUusp1KVdWFV2FhACFWHoONt8FNM0DLL1n6/J9zZJ8/yDiTyrK+jcrK6tr6RnWztrW9s7tn7h90ZJoLQtsk5anoBVhSzhLaVkxx2ssExXHAaTcY3s3q3REVkqXJoxpn1IvxIGEhI1hpyzeP3AgrN4uYP3QKHGGhb55v1q2GVQgtg11CHUq1fPPL7ackj2miCMdSOraVKW+ChWKE02nNzSXNMBniAXU0Jjim0psUC0zRqXb6KEyFPolChft7YoJjKcdxoDtjrCK5WJuZ/9WcXIU33oQlWa5oQuYPhTlHKkWzNFCfCUoUH2vARDD9V0QiLDBROrOaDsFeXHkZOucN+6px+XBRb96WcVThGE7gDGy4hibcQwvaQGAKz/AKb8aT8WK8Gx/z1opRzhzCHxmfPza1ltI=</latexit>
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<latexit sha1_base64="hCtiUGqo4do0zU0qpUXnbD05554=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQizcjmAcmS5id9CZDZmeXmVkhLPkLLx4U8erfePNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqz0kHUZFeR20hv1yhW36s5A/hIvJxXIUe+VP7v9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6ekCOr9EkYK1vSkJn6cyKjkdbjKLCdETVDvehNxf+8TmrCSz/jMkkNSjZfFKaCmJhM3yd9rpAZMbaEMsXtrYQNqaLM2JBKNgRv8eW/pHlS9c6rZ3enldpVHkcRDuAQjsGDC6jBDdShAQwkPMELvDraeXbenPd5a8HJZ/bhF5yPbzvSkKU=</latexit>
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RG functionals
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(Bi-)linear emergent composites
              Gies, Wetterich, PRD 65 (2002) 065001  

    Zero modes: Fu, JMP, Rennecke, PRD 101, (2020) 054032                                                

Since ~one decade common practice/tool in QCD on a ‘daily basis’

Wetterich, Z. Phys. C 72, 139 (1996)  
     Flörchinger, Wetterich, PLB 680, 371 (2009)

Applications and further developments mostly in QCD
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Applications and further developments mostly in QCD

Non-linear emergent composites
                                                       JMP, AoP 322 (2007) 283 
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Applications

Lamprecht, JMP, Master work Lamprecht (2007)Goldstonisation:
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AP 412 (2020) 168006
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Flowing fields & optimised RG flows  

Talk  Friederike Ihssen
Essential RG:  Baldazzi et al, SciPost Phys 13 (2022) 4, 085 

Baldazzi, Falls, Universe 7 (2021) 8, 294

<latexit sha1_base64="1nSEyPAzZ0/DL0/8JjqIhJGmNP4="></latexit>

�(2)[�]
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= p2 +m2

�(�) Remove inessential operatorsExpansion about  ground state & optimisation

Phase fields in the Luttinger liquid

Talk  Nicolas Dupuis 
Composite Higgs  & BSM physics

Poster Álvaro Pastor Gutiérrez 

fermionic composites in the Hubbard model

Talk Walter Metzner
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Complex couplings & fields

Lee-Yang zeros 

Simple example in d dimensions:

<latexit sha1_base64="k4+/36K0TsVfnDQKYiImC84rd4I=">AAACA3icbVDLSsNAFL2pr1pfVXe6GSyCq5KIjy4LblxWsQ9oQplMJ83QySTMTAolFNz4K25cKOLWn3Dn3zhpu9DWAxcO59zLvff4CWdK2/a3VVhZXVvfKG6WtrZ3dvfK+wctFaeS0CaJeSw7PlaUM0GbmmlOO4mkOPI5bfvDm9xvj6hULBYPepxQL8IDwQJGsDZSr3zkhli7IyyTkCGXCeRGWIe+n91PeuWKXbWnQMvEmZMKzNHolb/cfkzSiApNOFaq69iJ9jIsNSOcTkpuqmiCyRAPaNdQgSOqvGz6wwSdGqWPgliaEhpN1d8TGY6UGke+6cwvVIteLv7ndVMd1LyMiSTVVJDZoiDlSMcoDwT1maRE87EhmEhmbkUkxBITbWIrmRCcxZeXSeu86lxVL+8uKvXaPI4iHMMJnIED11CHW2hAEwg8wjO8wpv1ZL1Y79bHrLVgzWcO4Q+szx/1Qpe1</latexit>

'̂ 2 R
<latexit sha1_base64="WDNM1Flg8GyivYHjmROjPZAkib4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTio8tCN+Kqgn1AE8pkOmmHTiZhZlIooX/ixoUibv0Td/6NkzYLbT0wcDjnXu6ZEyScKe0431ZpY3Nre6e8W9nbPzg8so9POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJs3c706pVCwWT3qWUD/CI8FCRrA20sC2H5DHBPIirMdBkDXnA7vq1JwF0DpxC1KFAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0XvFSRRNMJnhE+4YKHFHlZ4vkc3RhlCEKY2me0Gih/t7IcKTULArMZJ5QrXq5+J/XT3VY9zMmklRTQZaHwpQjHaO8BjRkkhLNZ4ZgIpnJisgYS0y0KatiSnBXv7xOOlc197Z283hdbdSLOspwBudwCS7cQQPuoQVtIDCFZ3iFNyuzXqx362M5WrKKnVP4A+vzB7Tgkw0=</latexit>

J 2 C

<latexit sha1_base64="25GkOVQ9rQFi8vchA23A+g+HKd4="></latexit>

Z[J ] '
Z

D'̂ e�S['̂]� 1
2

R
'̂Rk '̂+

R
J '̂

Ihssen, JMP, 2207.10057
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Complex couplings & fields

Lee-Yang zeros 

Simple example in d dimensions:

<latexit sha1_base64="k4+/36K0TsVfnDQKYiImC84rd4I=">AAACA3icbVDLSsNAFL2pr1pfVXe6GSyCq5KIjy4LblxWsQ9oQplMJ83QySTMTAolFNz4K25cKOLWn3Dn3zhpu9DWAxcO59zLvff4CWdK2/a3VVhZXVvfKG6WtrZ3dvfK+wctFaeS0CaJeSw7PlaUM0GbmmlOO4mkOPI5bfvDm9xvj6hULBYPepxQL8IDwQJGsDZSr3zkhli7IyyTkCGXCeRGWIe+n91PeuWKXbWnQMvEmZMKzNHolb/cfkzSiApNOFaq69iJ9jIsNSOcTkpuqmiCyRAPaNdQgSOqvGz6wwSdGqWPgliaEhpN1d8TGY6UGke+6cwvVIteLv7ndVMd1LyMiSTVVJDZoiDlSMcoDwT1maRE87EhmEhmbkUkxBITbWIrmRCcxZeXSeu86lxVL+8uKvXaPI4iHMMJnIED11CHW2hAEwg8wjO8wpv1ZL1Y79bHrLVgzWcO4Q+szx/1Qpe1</latexit>

'̂ 2 R
<latexit sha1_base64="WDNM1Flg8GyivYHjmROjPZAkib4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTio8tCN+Kqgn1AE8pkOmmHTiZhZlIooX/ixoUibv0Td/6NkzYLbT0wcDjnXu6ZEyScKe0431ZpY3Nre6e8W9nbPzg8so9POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJs3c706pVCwWT3qWUD/CI8FCRrA20sC2H5DHBPIirMdBkDXnA7vq1JwF0DpxC1KFAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0XvFSRRNMJnhE+4YKHFHlZ4vkc3RhlCEKY2me0Gih/t7IcKTULArMZJ5QrXq5+J/XT3VY9zMmklRTQZaHwpQjHaO8BjRkkhLNZ4ZgIpnJisgYS0y0KatiSnBXv7xOOlc197Z283hdbdSLOspwBudwCS7cQQPuoQVtIDCFZ3iFNyuzXqx362M5WrKKnVP4A+vzB7Tgkw0=</latexit>

J 2 C

<latexit sha1_base64="25GkOVQ9rQFi8vchA23A+g+HKd4="></latexit>

Z[J ] '
Z

D'̂ e�S['̂]� 1
2

R
'̂Rk '̂+

R
J '̂

Ihssen, JMP, 2207.10057

Complex effective action/potential

General flows for the Wilsonian effective action General flows for the 1PI effective action

Complex Legendre transform, no optimisationPolchinski flow  
kernel classical propagator

Wegner flow  
kernel full propagator at minimum

<latexit sha1_base64="IsbXueKALXLxVYG2d7n9hYY6pTo="></latexit>

@tP [�] +
�

��(x)

⇣
 [�]P [�]

⌘
= 0

<latexit sha1_base64="XHb9+18EqVYdrUSptVIQboBLTQ8="></latexit>✓
@t +

Z

x
�̇

�

��

◆
�k[�] =

1

2
TrGk[�] @tRk +TrGk[�]

��̇

��
Rk

<latexit sha1_base64="ygTc92JJACvgJ7vsNNF6dBBplsc="></latexit>

@tOk[�] ' �
1

2
Tr


Gk[�] @tRk Gk[�]

�2

��2

�
Ok[�]
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Complex couplings & fields

Lee-Yang zeros 

Simple example in d dimensions:

<latexit sha1_base64="k4+/36K0TsVfnDQKYiImC84rd4I=">AAACA3icbVDLSsNAFL2pr1pfVXe6GSyCq5KIjy4LblxWsQ9oQplMJ83QySTMTAolFNz4K25cKOLWn3Dn3zhpu9DWAxcO59zLvff4CWdK2/a3VVhZXVvfKG6WtrZ3dvfK+wctFaeS0CaJeSw7PlaUM0GbmmlOO4mkOPI5bfvDm9xvj6hULBYPepxQL8IDwQJGsDZSr3zkhli7IyyTkCGXCeRGWIe+n91PeuWKXbWnQMvEmZMKzNHolb/cfkzSiApNOFaq69iJ9jIsNSOcTkpuqmiCyRAPaNdQgSOqvGz6wwSdGqWPgliaEhpN1d8TGY6UGke+6cwvVIteLv7ndVMd1LyMiSTVVJDZoiDlSMcoDwT1maRE87EhmEhmbkUkxBITbWIrmRCcxZeXSeu86lxVL+8uKvXaPI4iHMMJnIED11CHW2hAEwg8wjO8wpv1ZL1Y79bHrLVgzWcO4Q+szx/1Qpe1</latexit>

'̂ 2 R
<latexit sha1_base64="WDNM1Flg8GyivYHjmROjPZAkib4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTio8tCN+Kqgn1AE8pkOmmHTiZhZlIooX/ixoUibv0Td/6NkzYLbT0wcDjnXu6ZEyScKe0431ZpY3Nre6e8W9nbPzg8so9POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJs3c706pVCwWT3qWUD/CI8FCRrA20sC2H5DHBPIirMdBkDXnA7vq1JwF0DpxC1KFAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0XvFSRRNMJnhE+4YKHFHlZ4vkc3RhlCEKY2me0Gih/t7IcKTULArMZJ5QrXq5+J/XT3VY9zMmklRTQZaHwpQjHaO8BjRkkhLNZ4ZgIpnJisgYS0y0KatiSnBXv7xOOlc197Z283hdbdSLOspwBudwCS7cQQPuoQVtIDCFZ3iFNyuzXqx362M5WrKKnVP4A+vzB7Tgkw0=</latexit>

J 2 C

<latexit sha1_base64="25GkOVQ9rQFi8vchA23A+g+HKd4="></latexit>

Z[J ] '
Z

D'̂ e�S['̂]� 1
2

R
'̂Rk '̂+

R
J '̂

Ihssen, JMP, 2207.10057
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General flows for the Wilsonian effective action General flows for the 1PI effective action

Complex Legendre transform, no optimisationPolchinski flow  
kernel classical propagator

Wegner flow  
kernel full propagator at minimum
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Complex couplings & fields

Lee-Yang zeros
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Mukherjee, Rennecke, Skokov, PRD 105 (2022) 014026

Lee-Yang zeros for complex mu Lee-Yang zeros for complex quark mass

Connelly, Johnson, Rennecke, Skokov, PRL 125 (2020) 191602

Scaling at Lee-Yang-zeros: Talk Gregory Johnson

Ihssen, JMP, 2207.10057
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Spectral representation

<latexit sha1_base64="IXJbc0ho2aqx0p5mM316nuJgKBQ="></latexit>

Gk(p) =

Z 1

�1

d�

2⇡

� ⇢k(�, ~p )

�2 + p20

Non-equilibrium: 
<latexit sha1_base64="j4iWMZXG1iPLAhGx5j7STUM+4/w=">AAACGnicbVDLSgMxFM3UV62vqks3wSK0UMqM+Oiy4MZlBfuAzlAy6W0bmsmMSUYsQ7/Djb/ixoUi7sSNf2PazkJbD1zu4Zx7Se7xI86Utu1vK7Oyura+kd3MbW3v7O7l9w+aKowlhQYNeSjbPlHAmYCGZppDO5JAAp9Dyx9dTf3WPUjFQnGrxxF4ARkI1meUaCN1844rhyF2FQvgDjO3jF1OxIAD7rjRkBUfSuVZH5c8V86Nbr5gV+wZ8DJxUlJAKerd/KfbC2kcgNCUE6U6jh1pLyFSM8phknNjBRGhIzKAjqGCBKC8ZHbaBJ8YpYf7oTQlNJ6pvzcSEig1DnwzGRA9VIveVPzP68S6X/USJqJYg6Dzh/oxxzrE05xwj0mgmo8NIVQy81dMh0QSqk2aOROCs3jyMmmeVpyLyvnNWaFWTePIoiN0jIrIQZeohq5RHTUQRY/oGb2iN+vJerHerY/5aMZKdw7RH1hfPwuBn5s=</latexit>

⇢ ' i h[�(x),�(y)]i
<latexit sha1_base64="c7fA8fIiiVfTaUIeyQdJFVlWJsk=">AAACFXicbVDLSgMxFM34rPVVdekmWIQWSpkRH10WBHFZwT6gU0omvW1DM5kxyYjD0J9w46+4caGIW8Gdf2M67UJbD1zu4Zx7Se7xQs6Utu1va2l5ZXVtPbOR3dza3tnN7e03VBBJCnUa8EC2PKKAMwF1zTSHViiB+B6Hpje6nPjNe5CKBeJWxyF0fDIQrM8o0Ubq5kpX2FXMhzvsciIGHLCbuOGQFR6KpbTHRXfsyqnVzeXtsp0CLxJnRvJohlo39+X2Ahr5IDTlRKm2Y4e6kxCpGeUwzrqRgpDQERlA21BBfFCdJL1qjI+N0sP9QJoSGqfq742E+ErFvmcmfaKHat6biP957Uj3K52EiTDSIOj0oX7EsQ7wJCLcYxKo5rEhhEpm/orpkEhCtQkya0Jw5k9eJI2TsnNePrs5zVcrszgy6BAdoQJy0AWqomtUQ3VE0SN6Rq/ozXqyXqx362M6umTNdg7QH1ifP8cVnfE=</latexit>

F ' h{�(x),�(y)}i

Braun, Chen, Fu, Geißel, Horak, Huang, Ihssen, JMP, Reichert,  
Rennecke, Tan, Töpfel, Wessely, Wink, arXiv:2206.10232
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Spectral representation

<latexit sha1_base64="IXJbc0ho2aqx0p5mM316nuJgKBQ="></latexit>

Gk(p) =

Z 1

�1

d�

2⇡

� ⇢k(�, ~p )

�2 + p20

Non-equilibrium: 
<latexit sha1_base64="j4iWMZXG1iPLAhGx5j7STUM+4/w=">AAACGnicbVDLSgMxFM3UV62vqks3wSK0UMqM+Oiy4MZlBfuAzlAy6W0bmsmMSUYsQ7/Djb/ixoUi7sSNf2PazkJbD1zu4Zx7Se7xI86Utu1vK7Oyura+kd3MbW3v7O7l9w+aKowlhQYNeSjbPlHAmYCGZppDO5JAAp9Dyx9dTf3WPUjFQnGrxxF4ARkI1meUaCN1844rhyF2FQvgDjO3jF1OxIAD7rjRkBUfSuVZH5c8V86Nbr5gV+wZ8DJxUlJAKerd/KfbC2kcgNCUE6U6jh1pLyFSM8phknNjBRGhIzKAjqGCBKC8ZHbaBJ8YpYf7oTQlNJ6pvzcSEig1DnwzGRA9VIveVPzP68S6X/USJqJYg6Dzh/oxxzrE05xwj0mgmo8NIVQy81dMh0QSqk2aOROCs3jyMmmeVpyLyvnNWaFWTePIoiN0jIrIQZeohq5RHTUQRY/oGb2iN+vJerHerY/5aMZKdw7RH1hfPwuBn5s=</latexit>

⇢ ' i h[�(x),�(y)]i
<latexit sha1_base64="c7fA8fIiiVfTaUIeyQdJFVlWJsk=">AAACFXicbVDLSgMxFM34rPVVdekmWIQWSpkRH10WBHFZwT6gU0omvW1DM5kxyYjD0J9w46+4caGIW8Gdf2M67UJbD1zu4Zx7Se7xQs6Utu1va2l5ZXVtPbOR3dza3tnN7e03VBBJCnUa8EC2PKKAMwF1zTSHViiB+B6Hpje6nPjNe5CKBeJWxyF0fDIQrM8o0Ubq5kpX2FXMhzvsciIGHLCbuOGQFR6KpbTHRXfsyqnVzeXtsp0CLxJnRvJohlo39+X2Ahr5IDTlRKm2Y4e6kxCpGeUwzrqRgpDQERlA21BBfFCdJL1qjI+N0sP9QJoSGqfq742E+ErFvmcmfaKHat6biP957Uj3K52EiTDSIOj0oX7EsQ7wJCLcYxKo5rEhhEpm/orpkEhCtQkya0Jw5k9eJI2TsnNePrs5zVcrszgy6BAdoQJy0AWqomtUQ3VE0SN6Rq/ozXqyXqx362M6umTNdg7QH1ifP8cVnfE=</latexit>

F ' h{�(x),�(y)}i

fQCD, Reichert, arXiv:2206.10232
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Spectral representation

<latexit sha1_base64="IXJbc0ho2aqx0p5mM316nuJgKBQ="></latexit>

Gk(p) =

Z 1

�1

d�

2⇡

� ⇢k(�, ~p )

�2 + p20

Symmetry preserving regulators 

<latexit sha1_base64="bEmMrLgF4NPnPY9P9Mbmv2/Yyxg=">AAACCnicbVDLSgMxFL3js9bXqEs30SK4KjPFF4JQcOOygn1AZyyZNNOGZh4kmWIZZu3GX3HjQhG3foE7/8a0nYW2Hkg4Oedebu7xYs6ksqxvY2FxaXlltbBWXN/Y3No2d3YbMkoEoXUS8Ui0PCwpZyGtK6Y4bcWC4sDjtOkNrsd+c0iFZFF4p0YxdQPcC5nPCFZa6pgHD53UGVKC4gxdIccXmOTv+0qWDvTVMUtW2ZoAzRM7JyXIUeuYX043IklAQ0U4lrJtW7FyUywUI5xmRSeRNMZkgHu0rWmIAyrddLJKho600kV+JPQJFZqovztSHEg5CjxdGWDVl7PeWPzPayfKv3BTFsaJoiGZDvITjlSExrmgLhOUKD7SBBPB9F8R6WMdh9LpFXUI9uzK86RRKdtn5dPbk1L1Mo+jAPtwCMdgwzlU4QZqUAcCj/AMr/BmPBkvxrvxMS1dMPKePfgD4/MHWzSaCg==</latexit>

x~p =
~p2

k2

<latexit sha1_base64="awfHtIy5WKmtVBnql8TgZdIyX2A=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiuCpJ8YUgFNy4rGAf0MYymU7aoZNJmJmIJWTjr7hxoYhbP8Odf+O0zUJbD9zL4Zx7mbnHjzlT2nG+rYXFpeWV1cJacX1jc2vb3tltqCiRhNZJxCPZ8rGinAla10xz2oolxaHPadMfXo/95gOVikXiTo9i6oW4L1jACNZG6tr7j900ztAV6gQSkzS+r2Tp0LSuXXLKzgRonrg5KUGOWtf+6vQikoRUaMKxUm3XibWXYqkZ4TQrdhJFY0yGuE/bhgocUuWlkwMydGSUHgoiaUpoNFF/b6Q4VGoU+mYyxHqgZr2x+J/XTnRw4aVMxImmgkwfChKOdITGaaAek5RoPjIEE8nMXxEZYJOENpkVTQju7MnzpFEpu2fl09uTUvUyj6MAB3AIx+DCOVThBmpQBwIZPMMrvFlP1ov1bn1MRxesfGcP/sD6/AFHlJYy</latexit>

xp =
p2

k2

fQCD, Reichert, arXiv:2206.10232
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<latexit sha1_base64="IXJbc0ho2aqx0p5mM316nuJgKBQ="></latexit>

Gk(p) =

Z 1

�1

d�

2⇡

� ⇢k(�, ~p )

�2 + p20

Symmetry preserving regulators 
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x~p =
~p2

k2

<latexit sha1_base64="awfHtIy5WKmtVBnql8TgZdIyX2A=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiuCpJ8YUgFNy4rGAf0MYymU7aoZNJmJmIJWTjr7hxoYhbP8Odf+O0zUJbD9zL4Zx7mbnHjzlT2nG+rYXFpeWV1cJacX1jc2vb3tltqCiRhNZJxCPZ8rGinAla10xz2oolxaHPadMfXo/95gOVikXiTo9i6oW4L1jACNZG6tr7j900ztAV6gQSkzS+r2Tp0LSuXXLKzgRonrg5KUGOWtf+6vQikoRUaMKxUm3XibWXYqkZ4TQrdhJFY0yGuE/bhgocUuWlkwMydGSUHgoiaUpoNFF/b6Q4VGoU+mYyxHqgZr2x+J/XTnRw4aVMxImmgkwfChKOdITGaaAek5RoPjIEE8nMXxEZYJOENpkVTQju7MnzpFEpu2fl09uTUvUyj6MAB3AIx+DCOVThBmpQBwIZPMMrvFlP1ov1bn1MRxesfGcP/sD6/AFHlJYy</latexit>

xp =
p2

k2
Lorentz invariance & Causality 

Callan-Symanzik regulator 

<latexit sha1_base64="WnGI32llM4BYi8ON9+TcPRxhlRs=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5gJbghCIBePccmCmTj0dDpJk56F7hoxDAEv/ooXD4p49Se8+Td2kjlo4oOCx3tVVNXzIsEVWNa3kZmbX1hcyi7nVlbX1jfMza2aCmNJWZWGIpQNjygmeMCqwEGwRiQZ8T3B6l6/PPLr90wqHgY3MIhYyyfdgHc4JaAl19y5ch1gDyD9pHw9xOf41nWiHsf9u6Jr5q2CNQaeJXZK8ihFxTW/nHZIY58FQAVRqmlbEbQSIoFTwYY5J1YsIrRPuqypaUB8plrJ+Ich3tdKG3dCqSsAPFZ/TyTEV2rge7rTJ9BT095I/M9rxtA5bSU8iGJgAZ0s6sQCQ4hHgeA2l4yCGGhCqOT6Vkx7RBIKOracDsGefnmW1IoF+7hwdHmYL52lcWTRLtpDB8hGJ6iELlAFVRFFj+gZvaI348l4Md6Nj0lrxkhnttEfGJ8/qSqW3g==</latexit>

RCS = Z�k
2

Finiteness lost

fQCD, Reichert, arXiv:2206.10232
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Idea

<latexit sha1_base64="A7Qp1Ythj5TkOKydlWvj7NTbiig=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPihqeAF49xyQLJEHo6NUmTnp6hu0cIQz7BiwdFvPpF3vwbO8kcNPqg4PFeFVX1gkRwbVz3yyksLa+srhXXSxubW9s75d29po5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81g+mHGCfkQHkoecUWOl+7veqFeuuFV3BvKXeDmpQI56r/zZ7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oQcWaVPwljZkobM1J8TGY20HkeB7YyoGepFbyr+53VSE176GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsv/yXNk6p3Xj27Pa3UrvI4inAAh3AMHlxADW6gDg1gMIAneIFXRzjPzpvzPm8tOPnMPvyC8/ENKoyNtg==</latexit>

Rk

<latexit sha1_base64="P+hJRKFZ+h6eDLcwobkcQoDJwdI=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFSfdQrld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeV7xriqX9Yty9TaPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/ANNdjPE=</latexit>

k

<latexit sha1_base64="/KER9kBAXRKDo+o95nyOK25FU0c=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiB4CjPihqdALh7jkgWSIfR0epIm3T1jd00wDPkOLx4U8erHePNv7CRz0OiDgsd7VVTVC2LBDbjul5NbWl5ZXcuvFzY2t7Z3irt7DRMlmrI6jUSkWwExTHDF6sBBsFasGZGBYM1gWJ36zRHThkfqHsYx8yXpKx5ySsBK/m23A+wRtEyrd5NuseSW3RnwX+JlpIQy1LrFz04voolkCqggxrQ9NwY/JRo4FWxS6CSGxYQOSZ+1LVVEMuOns6Mn+MgqPRxG2pYCPFN/TqREGjOWge2UBAZm0ZuK/3ntBMJLP+UqToApOl8UJgJDhKcJ4B7XjIIYW0Ko5vZWTAdEEwo2p4INwVt8+S9pnJS98/LZzWmpcpXFkUcH6BAdIw9doAq6RjVURxQ9oCf0gl6dkfPsvDnv89ack83so19wPr4B/2GSPQ==</latexit>

RCS

<latexit sha1_base64="Z0R0oGLpJBjb8vlGYQhXRNa89mc=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgasiUjoqrghsXLirYB7RDyWQybWjmQZIRSulHuHGhiFu/x51/Y6YdQUUvhBzOOZd77/FTwZXG+MMqrayurW+UNytb2zu7e9X9g45KMklZmyYikT2fKCZ4zNqaa8F6qWQk8gXr+pOrXO/eM6l4Et/pacq8iIxiHnJKtKG6gxtjDciwWsO2i03VEbbzv+GignGRs2AwrkFRrWH1fRAkNItYrKkgSvUdnGpvRqTmVLB5ZZAplhI6ISPWNzAmEVPebLHuHJ0YJkBhIs2LNVqw3ztmJFJqGvnGGRE9Vr+1nPxL62c6vPBmPE4zzWK6HBRmAukE5bejgEtGtZgaQKjkZldEx0QSqk1CFRPC16Xof9Cp286Z7d42as3LIo4yHMExnIID59CEa2hBGyhM4AGe4NlKrUfrxXpdWktW0XMIP8p6+wQx+I95</latexit>

⇤

<latexit sha1_base64="rMcJZLmfqHwppEwGnvXouqy8zhU=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoivnBVcOPCRRX7gDaUyWTSDp1M4sykUEK+w40LRdz6Me78G6dtFtp6YOBwzrncO8eLOVPatr+twtLyyupacb20sbm1vVPe3WuqKJGENkjEI9n2sKKcCdrQTHPajiXFocdpyxveTPzWiErFIvGoxzF1Q9wXLGAEayO5D710eNK9M3kfZ71yxa7aU6BF4uSkAjnqvfJX149IElKhCcdKdRw71m6KpWaE06zUTRSNMRniPu0YKnBIlZtOj87QkVF8FETSPKHRVP09keJQqXHomWSI9UDNexPxP6+T6ODKTZmIE00FmS0KEo50hCYNIJ9JSjQfG4KJZOZWRAZYYqJNTyVTgjP/5UXSPK06F9Xz+7NK7TqvowgHcAjH4MAl1OAW6tAAAk/wDK/wZo2sF+vd+phFC1Y+sw9/YH3+AGfykds=</latexit>

Rk,⇤

<latexit sha1_base64="Y+LPTuabX9dUErCwH3MBrFAqMGw="></latexit>�
@t
��
⇤
+Dk @t⇤

�
�k,⇤ =

1

2
TrG�

k,⇤

�
@t
��
⇤
R�

k,⇤ +Dk @t⇤R
�
k,⇤

�
Composite UV-IR fRG flow

fQCD, Reichert, arXiv:2206.10232



Renormalised renormalisation group flows 

16

Idea

<latexit sha1_base64="A7Qp1Ythj5TkOKydlWvj7NTbiig=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPihqeAF49xyQLJEHo6NUmTnp6hu0cIQz7BiwdFvPpF3vwbO8kcNPqg4PFeFVX1gkRwbVz3yyksLa+srhXXSxubW9s75d29po5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81g+mHGCfkQHkoecUWOl+7veqFeuuFV3BvKXeDmpQI56r/zZ7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oQcWaVPwljZkobM1J8TGY20HkeB7YyoGepFbyr+53VSE176GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsv/yXNk6p3Xj27Pa3UrvI4inAAh3AMHlxADW6gDg1gMIAneIFXRzjPzpvzPm8tOPnMPvyC8/ENKoyNtg==</latexit>

Rk

<latexit sha1_base64="P+hJRKFZ+h6eDLcwobkcQoDJwdI=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFSfdQrld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeV7xriqX9Yty9TaPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/ANNdjPE=</latexit>

k

<latexit sha1_base64="/KER9kBAXRKDo+o95nyOK25FU0c=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiB4CjPihqdALh7jkgWSIfR0epIm3T1jd00wDPkOLx4U8erHePNv7CRz0OiDgsd7VVTVC2LBDbjul5NbWl5ZXcuvFzY2t7Z3irt7DRMlmrI6jUSkWwExTHDF6sBBsFasGZGBYM1gWJ36zRHThkfqHsYx8yXpKx5ySsBK/m23A+wRtEyrd5NuseSW3RnwX+JlpIQy1LrFz04voolkCqggxrQ9NwY/JRo4FWxS6CSGxYQOSZ+1LVVEMuOns6Mn+MgqPRxG2pYCPFN/TqREGjOWge2UBAZm0ZuK/3ntBMJLP+UqToApOl8UJgJDhKcJ4B7XjIIYW0Ko5vZWTAdEEwo2p4INwVt8+S9pnJS98/LZzWmpcpXFkUcH6BAdIw9doAq6RjVURxQ9oCf0gl6dkfPsvDnv89ack83so19wPr4B/2GSPQ==</latexit>

RCS

<latexit sha1_base64="Z0R0oGLpJBjb8vlGYQhXRNa89mc=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgasiUjoqrghsXLirYB7RDyWQybWjmQZIRSulHuHGhiFu/x51/Y6YdQUUvhBzOOZd77/FTwZXG+MMqrayurW+UNytb2zu7e9X9g45KMklZmyYikT2fKCZ4zNqaa8F6qWQk8gXr+pOrXO/eM6l4Et/pacq8iIxiHnJKtKG6gxtjDciwWsO2i03VEbbzv+GignGRs2AwrkFRrWH1fRAkNItYrKkgSvUdnGpvRqTmVLB5ZZAplhI6ISPWNzAmEVPebLHuHJ0YJkBhIs2LNVqw3ztmJFJqGvnGGRE9Vr+1nPxL62c6vPBmPE4zzWK6HBRmAukE5bejgEtGtZgaQKjkZldEx0QSqk1CFRPC16Xof9Cp286Z7d42as3LIo4yHMExnIID59CEa2hBGyhM4AGe4NlKrUfrxXpdWktW0XMIP8p6+wQx+I95</latexit>

⇤

<latexit sha1_base64="rMcJZLmfqHwppEwGnvXouqy8zhU=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoivnBVcOPCRRX7gDaUyWTSDp1M4sykUEK+w40LRdz6Me78G6dtFtp6YOBwzrncO8eLOVPatr+twtLyyupacb20sbm1vVPe3WuqKJGENkjEI9n2sKKcCdrQTHPajiXFocdpyxveTPzWiErFIvGoxzF1Q9wXLGAEayO5D710eNK9M3kfZ71yxa7aU6BF4uSkAjnqvfJX149IElKhCcdKdRw71m6KpWaE06zUTRSNMRniPu0YKnBIlZtOj87QkVF8FETSPKHRVP09keJQqXHomWSI9UDNexPxP6+T6ODKTZmIE00FmS0KEo50hCYNIJ9JSjQfG4KJZOZWRAZYYqJNTyVTgjP/5UXSPK06F9Xz+7NK7TqvowgHcAjH4MAl1OAW6tAAAk/wDK/wZo2sF+vd+phFC1Y+sw9/YH3+AGfykds=</latexit>

Rk,⇤

<latexit sha1_base64="Y+LPTuabX9dUErCwH3MBrFAqMGw="></latexit>�
@t
��
⇤
+Dk @t⇤

�
�k,⇤ =

1

2
TrG�

k,⇤

�
@t
��
⇤
R�

k,⇤ +Dk @t⇤R
�
k,⇤

�
Composite UV-IR fRG flow

Limes 
<latexit sha1_base64="wzCvpx5Nh+uI+tcNWIueam5k6dY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiTiC1cFNy5cVLAPaEKZTCbt0MkkzNwoofZT3LhQxK1f4s6/cdpmodUDA4dzzmXuPUEquAbH+bJKS8srq2vl9crG5tb2jl3dbeskU5S1aCIS1Q2IZoJL1gIOgnVTxUgcCNYJRldTv3PPlOaJvIM8ZX5MBpJHnBIwUt+uejcmHBIPEuxxGUHet2tO3ZkB/yVuQWqoQLNvf3phQrOYSaCCaN1znRT8MVHAqWCTipdplhI6IgPWM1SSmGl/PFt9gg+NEuIoUeZJwDP158SYxFrncWCSMYGhXvSm4n9eL4Powh9zmWbAJJ1/FGUCmzunPeCQK0ZB5IYQqrjZFdMhUYSCaatiSnAXT/5L2sd196x+entSa1wWdZTRPjpAR8hF56iBrlETtRBFD+gJvaBX69F6tt6s93m0ZBUze+gXrI9vCHeT2Q==</latexit>

⇤ ! 1

<latexit sha1_base64="7CS7rR1thcBnKNv5ElBZeTUKChw="></latexit>

Dk @t⇤�k,⇤ � 1

2
TrG�

k,⇤ Dk @t⇤R
�
k,⇤ ! @tScl[�]

Local

<latexit sha1_base64="wzCvpx5Nh+uI+tcNWIueam5k6dY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiTiC1cFNy5cVLAPaEKZTCbt0MkkzNwoofZT3LhQxK1f4s6/cdpmodUDA4dzzmXuPUEquAbH+bJKS8srq2vl9crG5tb2jl3dbeskU5S1aCIS1Q2IZoJL1gIOgnVTxUgcCNYJRldTv3PPlOaJvIM8ZX5MBpJHnBIwUt+uejcmHBIPEuxxGUHet2tO3ZkB/yVuQWqoQLNvf3phQrOYSaCCaN1znRT8MVHAqWCTipdplhI6IgPWM1SSmGl/PFt9gg+NEuIoUeZJwDP158SYxFrncWCSMYGhXvSm4n9eL4Powh9zmWbAJJ1/FGUCmzunPeCQK0ZB5IYQqrjZFdMhUYSCaatiSnAXT/5L2sd196x+entSa1wWdZTRPjpAR8hF56iBrlETtRBFD+gJvaBX69F6tt6s93m0ZBUze+gXrI9vCHeT2Q==</latexit>

⇤ ! 1

fQCD, Reichert, arXiv:2206.10232
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Idea

<latexit sha1_base64="A7Qp1Ythj5TkOKydlWvj7NTbiig=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPihqeAF49xyQLJEHo6NUmTnp6hu0cIQz7BiwdFvPpF3vwbO8kcNPqg4PFeFVX1gkRwbVz3yyksLa+srhXXSxubW9s75d29po5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81g+mHGCfkQHkoecUWOl+7veqFeuuFV3BvKXeDmpQI56r/zZ7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oQcWaVPwljZkobM1J8TGY20HkeB7YyoGepFbyr+53VSE176GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsv/yXNk6p3Xj27Pa3UrvI4inAAh3AMHlxADW6gDg1gMIAneIFXRzjPzpvzPm8tOPnMPvyC8/ENKoyNtg==</latexit>

Rk

<latexit sha1_base64="P+hJRKFZ+h6eDLcwobkcQoDJwdI=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFSfdQrld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeV7xriqX9Yty9TaPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/ANNdjPE=</latexit>

k

<latexit sha1_base64="/KER9kBAXRKDo+o95nyOK25FU0c=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiB4CjPihqdALh7jkgWSIfR0epIm3T1jd00wDPkOLx4U8erHePNv7CRz0OiDgsd7VVTVC2LBDbjul5NbWl5ZXcuvFzY2t7Z3irt7DRMlmrI6jUSkWwExTHDF6sBBsFasGZGBYM1gWJ36zRHThkfqHsYx8yXpKx5ySsBK/m23A+wRtEyrd5NuseSW3RnwX+JlpIQy1LrFz04voolkCqggxrQ9NwY/JRo4FWxS6CSGxYQOSZ+1LVVEMuOns6Mn+MgqPRxG2pYCPFN/TqREGjOWge2UBAZm0ZuK/3ntBMJLP+UqToApOl8UJgJDhKcJ4B7XjIIYW0Ko5vZWTAdEEwo2p4INwVt8+S9pnJS98/LZzWmpcpXFkUcH6BAdIw9doAq6RjVURxQ9oCf0gl6dkfPsvDnv89ack83so19wPr4B/2GSPQ==</latexit>

RCS

<latexit sha1_base64="Z0R0oGLpJBjb8vlGYQhXRNa89mc=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgasiUjoqrghsXLirYB7RDyWQybWjmQZIRSulHuHGhiFu/x51/Y6YdQUUvhBzOOZd77/FTwZXG+MMqrayurW+UNytb2zu7e9X9g45KMklZmyYikT2fKCZ4zNqaa8F6qWQk8gXr+pOrXO/eM6l4Et/pacq8iIxiHnJKtKG6gxtjDciwWsO2i03VEbbzv+GignGRs2AwrkFRrWH1fRAkNItYrKkgSvUdnGpvRqTmVLB5ZZAplhI6ISPWNzAmEVPebLHuHJ0YJkBhIs2LNVqw3ztmJFJqGvnGGRE9Vr+1nPxL62c6vPBmPE4zzWK6HBRmAukE5bejgEtGtZgaQKjkZldEx0QSqk1CFRPC16Xof9Cp286Z7d42as3LIo4yHMExnIID59CEa2hBGyhM4AGe4NlKrUfrxXpdWktW0XMIP8p6+wQx+I95</latexit>

⇤

<latexit sha1_base64="rMcJZLmfqHwppEwGnvXouqy8zhU=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoivnBVcOPCRRX7gDaUyWTSDp1M4sykUEK+w40LRdz6Me78G6dtFtp6YOBwzrncO8eLOVPatr+twtLyyupacb20sbm1vVPe3WuqKJGENkjEI9n2sKKcCdrQTHPajiXFocdpyxveTPzWiErFIvGoxzF1Q9wXLGAEayO5D710eNK9M3kfZ71yxa7aU6BF4uSkAjnqvfJX149IElKhCcdKdRw71m6KpWaE06zUTRSNMRniPu0YKnBIlZtOj87QkVF8FETSPKHRVP09keJQqXHomWSI9UDNexPxP6+T6ODKTZmIE00FmS0KEo50hCYNIJ9JSjQfG4KJZOZWRAZYYqJNTyVTgjP/5UXSPK06F9Xz+7NK7TqvowgHcAjH4MAl1OAW6tAAAk/wDK/wZo2sF+vd+phFC1Y+sw9/YH3+AGfykds=</latexit>

Rk,⇤

Limes 
<latexit sha1_base64="wzCvpx5Nh+uI+tcNWIueam5k6dY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiTiC1cFNy5cVLAPaEKZTCbt0MkkzNwoofZT3LhQxK1f4s6/cdpmodUDA4dzzmXuPUEquAbH+bJKS8srq2vl9crG5tb2jl3dbeskU5S1aCIS1Q2IZoJL1gIOgnVTxUgcCNYJRldTv3PPlOaJvIM8ZX5MBpJHnBIwUt+uejcmHBIPEuxxGUHet2tO3ZkB/yVuQWqoQLNvf3phQrOYSaCCaN1znRT8MVHAqWCTipdplhI6IgPWM1SSmGl/PFt9gg+NEuIoUeZJwDP158SYxFrncWCSMYGhXvSm4n9eL4Powh9zmWbAJJ1/FGUCmzunPeCQK0ZB5IYQqrjZFdMhUYSCaatiSnAXT/5L2sd196x+entSa1wWdZTRPjpAR8hF56iBrlETtRBFD+gJvaBX69F6tt6s93m0ZBUze+gXrI9vCHeT2Q==</latexit>

⇤ ! 1

<latexit sha1_base64="7CS7rR1thcBnKNv5ElBZeTUKChw="></latexit>

Dk @t⇤�k,⇤ � 1

2
TrG�

k,⇤ Dk @t⇤R
�
k,⇤ ! @tScl[�]

Local

<latexit sha1_base64="wzCvpx5Nh+uI+tcNWIueam5k6dY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiTiC1cFNy5cVLAPaEKZTCbt0MkkzNwoofZT3LhQxK1f4s6/cdpmodUDA4dzzmXuPUEquAbH+bJKS8srq2vl9crG5tb2jl3dbeskU5S1aCIS1Q2IZoJL1gIOgnVTxUgcCNYJRldTv3PPlOaJvIM8ZX5MBpJHnBIwUt+uejcmHBIPEuxxGUHet2tO3ZkB/yVuQWqoQLNvf3phQrOYSaCCaN1znRT8MVHAqWCTipdplhI6IgPWM1SSmGl/PFt9gg+NEuIoUeZJwDP158SYxFrncWCSMYGhXvSm4n9eL4Powh9zmWbAJJ1/FGUCmzunPeCQK0ZB5IYQqrjZFdMhUYSCaatiSnAXT/5L2sd196x+entSa1wWdZTRPjpAR8hF56iBrlETtRBFD+gJvaBX69F6tt6s93m0ZBUze+gXrI9vCHeT2Q==</latexit>

⇤ ! 1

<latexit sha1_base64="ElJSnK/oA73iNDLfm/QAqFwR+A0="></latexit>

@t�k[�] =
1

2
TrG�[�] @tR

� � @tSct[�]

fRG flow with flowing renormalisation

fQCD, Reichert, arXiv:2206.10232
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Spectral CS-fRG flow with flowing renormalisation

<latexit sha1_base64="nI8khuQSGNm5SrO8sGftwllDYJY="></latexit>

@t�k[�] = TrG�[�] k
2 � @tSct[�]

<latexit sha1_base64="uXJAvJzpJgEJXuvgIcRH+CpvK3w="></latexit>

Gk[�](p) =

Z 1

�1

d�

2⇡

� ⇢k[�](�, ~p )

�2 + p20

fQCD, Reichert, arXiv:2206.10232

Poster Jonas Wessely
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Spectral CS-fRG flow with flowing renormalisation

<latexit sha1_base64="nI8khuQSGNm5SrO8sGftwllDYJY="></latexit>

@t�k[�] = TrG�[�] k
2 � @tSct[�]

<latexit sha1_base64="uXJAvJzpJgEJXuvgIcRH+CpvK3w="></latexit>

Gk[�](p) =

Z 1

�1

d�

2⇡

� ⇢k[�](�, ~p )

�2 + p20

Flowing on-shell renormalisation

Controlled UV-limit

<latexit sha1_base64="2ZpA2exFow2p6s9Je0q2/jKwpE8="></latexit>

lim
⇤!1

�(2)
k,⇤

⇥
�̄
⇤
(p)

���
p2
0=�µ2(k)

= �k2

fQCD, Reichert, arXiv:2206.10232

Poster Jonas Wessely
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Spectral CS-fRG flow with flowing renormalisation

<latexit sha1_base64="nI8khuQSGNm5SrO8sGftwllDYJY="></latexit>

@t�k[�] = TrG�[�] k
2 � @tSct[�]

<latexit sha1_base64="uXJAvJzpJgEJXuvgIcRH+CpvK3w="></latexit>

Gk[�](p) =

Z 1

�1

d�

2⇡

� ⇢k[�](�, ~p )

�2 + p20

Flowing on-shell renormalisation

Controlled UV-limit
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Spectral CS-fRG flow with flowing renormalisation

<latexit sha1_base64="nI8khuQSGNm5SrO8sGftwllDYJY="></latexit>

@t�k[�] = TrG�[�] k
2 � @tSct[�]

<latexit sha1_base64="uXJAvJzpJgEJXuvgIcRH+CpvK3w="></latexit>

Gk[�](p) =

Z 1

�1

d�

2⇡

� ⇢k[�](�, ~p )

�2 + p20

Flowing on-shell renormalisation

Controlled UV-limit

<latexit sha1_base64="2ZpA2exFow2p6s9Je0q2/jKwpE8="></latexit>

lim
⇤!1

�(2)
k,⇤

⇥
�̄
⇤
(p)

���
p2
0=�µ2(k)

= �k2
<latexit sha1_base64="4QA7GCXMxKxMfD+1SAwpu8D0Co4="></latexit>

lim
⇤!1

@t


�(2)
k,⇤

⇥
�̄
⇤
(p)

���
p2
0=�µ2

�
= �2 k2

Controlled UV-limit

Similarly for wave function and coupling renormalisation

fQCD, Reichert, arXiv:2206.10232

Poster Jonas Wessely



Renormalised renormalisation group flows 

18
Fehre, Litim, JMP, Reichert, PRL 130 (2023) 081501

Spectral properties of Lorentzian asymptotically safe gravity
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Spectral properties of Lorentzian asymptotically safe gravity
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Mass dependence of scalar spectral function 

0.0 0.5 1.0 1.5 2.0

0.92

0.94

0.96

0.98

1.00

mpole [λϕ]

1
Z

ϕ

Trajectory of the residue in the broken phase

classical value Zϕ  1

Spectral flows in the scalar theory

Scalar spectral function s-channel vertex spectral function

Horak, Ihssen, JMP, Wessely, Wink, arXiv:2303.16719

Poster Jonas Wessely



Renormalised renormalisation group flows 

20

Benchmark test with spectral DSE results 

Spectral flows in the scalar theory
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Propagator spectral function in the broken phase
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