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Healthy and unitary quantum gravity

Off-shell dofs
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Healthy and unitary quantum gravity

Off-shell dofs
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Regulators in the Functional Renormalisation Group
The regulator implements the Wilsonian integrating out of momentum shells
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rexp(x) = e�x
[Litim ’00]

<latexit sha1_base64="G0WemfHDG496SPBLxwBgC/HQxsU=">AAAB/3icbVDLSsNAFJ3UV62vqODGTWgRKkpJuqgui25cVrEPaGKYTCftkEkyzEzEELvwH/wCNy4UcetvuOvfOH0stPXAhcM593LvPR6jREjTHGm5peWV1bX8emFjc2t7R9/da4k44Qg3UUxj3vGgwJREuCmJpLjDOIahR3HbCy7Hfvsec0Hi6FamDDsh7EfEJwhKJbn6wY0b2IzHTMZGcFe1T7kblB+OXb1kVswJjEVizUipXrRPnkf1tOHq33YvRkmII4koFKJrmUw6GeSSIIqHBTsRmEEUwD7uKhrBEAsnm9w/NI6U0jP8mKuKpDFRf09kMBQiDT3VGUI5EPPeWPzP6ybSP3cyErFE4ghNF/kJNdSz4zCMHuEYSZoqAhEn6lYDDSCHSKrICioEa/7lRdKqVqxapXat0rgAU+TBISiCMrDAGaiDK9AATYDAI3gBb+Bde9JetQ/tc9qa02Yz++APtK8f6/qYYQ==</latexit>

Rk / k2 rk(x)
<latexit sha1_base64="SrBLKft6mySL87a0WYGr7f9y4GY="></latexit>

@t�k =
1

2
Tr [Gk@tRk]



Modifies the 
two-point 
function

The regulator implements the Wilsonian integrating out of momentum shells

Want a regulator which allows analytic continuations for k>0

<latexit sha1_base64="ZQdZ2Ap/YwSW/ENyf9kgZCfjQMI=">AAAB9XicbVDJTgJBEO3BDXFDPXqZQEwwJmSGA3okevGIRpaEGUhPU0CHniXdNSqZ8BcevHjQGK/+izf+xmY5KPiSSl7eq0pVPS8SXKFlTYzU2vrG5lZ6O7Ozu7d/kD08qqswlgxqLBShbHpUgeAB1JCjgGYkgfqegIY3vJ76jQeQiofBPY4icH3aD3iPM4paajsIT5jcwbgQtUtnnWzeKlozmKvEXpB8JeecP08qo2on++10Qxb7ECATVKmWbUXoJlQiZwLGGSdWEFE2pH1oaRpQH5SbzK4em6da6Zq9UOoK0JypvycS6is18j3d6VMcqGVvKv7ntWLsXboJD6IYIWDzRb1YmBia0wjMLpfAUIw0oUxyfavJBlRShjqojA7BXn55ldRLRbtcLN/qNK7IHGlyQnKkQGxyQSrkhlRJjTAiyQt5I+/Go/FqfBif89aUsZg5Jn9gfP0AGliVPQ==</latexit>

Re(p2)

<latexit sha1_base64="vzAqmmUaWWVjPFaksVd0MZ1dfTc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXJkGICGEmh+gx6EVvEcwCmUno6fQkTXoWumvUYchfePDiQRGv/ou3/I2d5aCJDwoe71VRVc+NBFdgmhMjs7a+sbmV3c7t7O7tH+QPj5oqjCVlDRqKULZdopjgAWsAB8HakWTEdwVruaPrqd96YFLxMLiHJGKOTwYB9zgloKWuDewJ0lt/XIq6lbNevmiWzRnwKrEWpFgr2OfPk1pS7+W/7X5IY58FQAVRqmOZETgpkcCpYOOcHSsWEToiA9bRNCA+U046u3qMT7XSx14odQWAZ+rviZT4SiW+qzt9AkO17E3F/7xODN6lk/IgioEFdL7IiwWGEE8jwH0uGQWRaEKo5PpWTIdEEgo6qJwOwVp+eZU0K2WrWq7e6TSu0BxZdIIKqIQsdIFq6AbVUQNRJNELekPvxqPxanwYn/PWjLGYOUZ/YHz9ABjFlTw=</latexit>

Im(p2)
<latexit sha1_base64="lgXLCs0Q1ySLd8xCVVWCsZt6Z9g=">AAAB6nicbVC7TgJBFL2LL8QXaqkxE4mJFdmlQEuijSVEF0hgJbPDLEyYnd3MzJqQDaWljYXG2PoRfIed3+BPODwKBU9yk5Nz7s299/gxZ0rb9peVWVldW9/Ibua2tnd29/L7B3UVJZJQl0Q8kk0fK8qZoK5mmtNmLCkOfU4b/uB64jceqFQsEnd6GFMvxD3BAkawNtJtfF/q5At20Z4CLRNnTgqV43Ht+/FkXO3kP9vdiCQhFZpwrFTLsWPtpVhqRjgd5dqJojEmA9yjLUMFDqny0umpI3RmlC4KImlKaDRVf0+kOFRqGPqmM8S6rxa9ifif10p0cOmlTMSJpoLMFgUJRzpCk79Rl0lKNB8agolk5lZE+lhiok06OROCs/jyMqmXik65WK6ZNK5ghiwcwSmcgwMXUIEbqIILBHrwBC/wanHr2Xqz3metGWs+cwh/YH38APABkUo=</latexit>

p2

<latexit sha1_base64="ZQdZ2Ap/YwSW/ENyf9kgZCfjQMI=">AAAB9XicbVDJTgJBEO3BDXFDPXqZQEwwJmSGA3okevGIRpaEGUhPU0CHniXdNSqZ8BcevHjQGK/+izf+xmY5KPiSSl7eq0pVPS8SXKFlTYzU2vrG5lZ6O7Ozu7d/kD08qqswlgxqLBShbHpUgeAB1JCjgGYkgfqegIY3vJ76jQeQiofBPY4icH3aD3iPM4paajsIT5jcwbgQtUtnnWzeKlozmKvEXpB8JeecP08qo2on++10Qxb7ECATVKmWbUXoJlQiZwLGGSdWEFE2pH1oaRpQH5SbzK4em6da6Zq9UOoK0JypvycS6is18j3d6VMcqGVvKv7ntWLsXboJD6IYIWDzRb1YmBia0wjMLpfAUIw0oUxyfavJBlRShjqojA7BXn55ldRLRbtcLN/qNK7IHGlyQnKkQGxyQSrkhlRJjTAiyQt5I+/Go/FqfBif89aUsZg5Jn9gfP0AGliVPQ==</latexit>

Re(p2)

<latexit sha1_base64="vzAqmmUaWWVjPFaksVd0MZ1dfTc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXJkGICGEmh+gx6EVvEcwCmUno6fQkTXoWumvUYchfePDiQRGv/ou3/I2d5aCJDwoe71VRVc+NBFdgmhMjs7a+sbmV3c7t7O7tH+QPj5oqjCVlDRqKULZdopjgAWsAB8HakWTEdwVruaPrqd96YFLxMLiHJGKOTwYB9zgloKWuDewJ0lt/XIq6lbNevmiWzRnwKrEWpFgr2OfPk1pS7+W/7X5IY58FQAVRqmOZETgpkcCpYOOcHSsWEToiA9bRNCA+U046u3qMT7XSx14odQWAZ+rviZT4SiW+qzt9AkO17E3F/7xODN6lk/IgioEFdL7IiwWGEE8jwH0uGQWRaEKo5PpWTIdEEgo6qJwOwVp+eZU0K2WrWq7e6TSu0BxZdIIKqIQsdIFq6AbVUQNRJNELekPvxqPxanwYn/PWjLGYOUZ/YHz9ABjFlTw=</latexit>

Im(p2)

Wick rotation

<latexit sha1_base64="MRzqcoX4BI61FLmHs56sPFlAP5I=">AAACBHicbZDLSsNAFIZPvNZ6i7qsSLAIgliSLqrLohuXLdgL9MZkOmmHTiZhZiKUkIULfRU3LhQRuvIh3PkMvoTTy0Jbfxj4+c45nDm/GzIqlW1/GUvLK6tr66mN9ObW9s6uubdflUEkMKnggAWi7iJJGOWkoqhipB4KgnyXkZo7uB7Xa3dESBrwWzUMSctHPU49ipHSqGNmwnb+bNDOk3Z83vQEwrEGSaxJknTMrJ2zJ7IWjTMz2eLhqPz9cDQqdczPZjfAkU+4wgxJ2XDsULViJBTFjCTpZiRJiPAA9UhDW458Ilvx5IjEOtGka3mB0I8ra0J/T8TIl3Lou7rTR6ov52tj+F+tESnvshVTHkaKcDxd5EXMUoE1TsTqUkGwYkNtEBZU/9XCfaSjUDq3tA7BmT950VTzOaeQK5R1GlcwVQoycAyn4MAFFOEGSlABDPfwBC/wajwaz8ab8T5tXTJmMwfwR8bHD+i+m1w=</latexit>

p2 + k2e�
p2

k2

<latexit sha1_base64="kIcSQn8d9L2oxMnhx9H18pd9mbk="></latexit>

roptimised(x) = x

✓
1

x
� 1

◆
✓(1� x)

e.g.
<latexit sha1_base64="9nxBHGWrkxErEWyafb/8xkHHgN8=">AAACAXicbVC7SgNBFJ31GRMfqzaCzeIDYmHYtVAbIWhjqWBMIInL7OSuDpl9MHNXEpa18VdsLBSxsLH0D+z8EK2dPAqNHrhwOOde7r3HiwVXaNsfxtj4xOTUdG4mX5idm18wF5fOVZRIBhUWiUjWPKpA8BAqyFFALZZAA09A1Wsf9fzqNUjFo/AMuzE0A3oZcp8zilpyzRXppg2EDqbQibOs2Nk6gIt0u5O55rpdsvuw/hJnSNbLG58vb9eFrxPXfG+0IpYEECITVKm6Y8fYTKlEzgRk+UaiIKasTS+hrmlIA1DNtP9BZm1qpWX5kdQVotVXf06kNFCqG3i6M6B4pUa9nvifV0/Q32+mPIwThJANFvmJsDCyenFYLS6BoehqQpnk+laLXVFJGerQ8joEZ/Tlv+R8p+TslnZPdRqHZIAcWSVrpEgcskfK5JickAph5IbckQfyaNwa98aT8TxoHTOGM8vkF4zXb7o5m4A=</latexit>

rexp(x) = e�x
[Litim ’00]

<latexit sha1_base64="G0WemfHDG496SPBLxwBgC/HQxsU=">AAAB/3icbVDLSsNAFJ3UV62vqODGTWgRKkpJuqgui25cVrEPaGKYTCftkEkyzEzEELvwH/wCNy4UcetvuOvfOH0stPXAhcM593LvPR6jREjTHGm5peWV1bX8emFjc2t7R9/da4k44Qg3UUxj3vGgwJREuCmJpLjDOIahR3HbCy7Hfvsec0Hi6FamDDsh7EfEJwhKJbn6wY0b2IzHTMZGcFe1T7kblB+OXb1kVswJjEVizUipXrRPnkf1tOHq33YvRkmII4koFKJrmUw6GeSSIIqHBTsRmEEUwD7uKhrBEAsnm9w/NI6U0jP8mKuKpDFRf09kMBQiDT3VGUI5EPPeWPzP6ybSP3cyErFE4ghNF/kJNdSz4zCMHuEYSZoqAhEn6lYDDSCHSKrICioEa/7lRdKqVqxapXat0rgAU+TBISiCMrDAGaiDK9AATYDAI3gBb+Bde9JetQ/tc9qa02Yz++APtK8f6/qYYQ==</latexit>

Rk / k2 rk(x)
<latexit sha1_base64="SrBLKft6mySL87a0WYGr7f9y4GY="></latexit>

@t�k =
1

2
Tr [Gk@tRk]

Regulators in the Functional Renormalisation Group



Callan-Symanzik Regulator

Callan-Symanzik regulator preserves causality  

Can analytically continue to Lorentzian signature at k>0

<latexit sha1_base64="ZQdZ2Ap/YwSW/ENyf9kgZCfjQMI=">AAAB9XicbVDJTgJBEO3BDXFDPXqZQEwwJmSGA3okevGIRpaEGUhPU0CHniXdNSqZ8BcevHjQGK/+izf+xmY5KPiSSl7eq0pVPS8SXKFlTYzU2vrG5lZ6O7Ozu7d/kD08qqswlgxqLBShbHpUgeAB1JCjgGYkgfqegIY3vJ76jQeQiofBPY4icH3aD3iPM4paajsIT5jcwbgQtUtnnWzeKlozmKvEXpB8JeecP08qo2on++10Qxb7ECATVKmWbUXoJlQiZwLGGSdWEFE2pH1oaRpQH5SbzK4em6da6Zq9UOoK0JypvycS6is18j3d6VMcqGVvKv7ntWLsXboJD6IYIWDzRb1YmBia0wjMLpfAUIw0oUxyfavJBlRShjqojA7BXn55ldRLRbtcLN/qNK7IHGlyQnKkQGxyQSrkhlRJjTAiyQt5I+/Go/FqfBif89aUsZg5Jn9gfP0AGliVPQ==</latexit>

Re(p2)

<latexit sha1_base64="vzAqmmUaWWVjPFaksVd0MZ1dfTc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXJkGICGEmh+gx6EVvEcwCmUno6fQkTXoWumvUYchfePDiQRGv/ou3/I2d5aCJDwoe71VRVc+NBFdgmhMjs7a+sbmV3c7t7O7tH+QPj5oqjCVlDRqKULZdopjgAWsAB8HakWTEdwVruaPrqd96YFLxMLiHJGKOTwYB9zgloKWuDewJ0lt/XIq6lbNevmiWzRnwKrEWpFgr2OfPk1pS7+W/7X5IY58FQAVRqmOZETgpkcCpYOOcHSsWEToiA9bRNCA+U046u3qMT7XSx14odQWAZ+rviZT4SiW+qzt9AkO17E3F/7xODN6lk/IgioEFdL7IiwWGEE8jwH0uGQWRaEKo5PpWTIdEEgo6qJwOwVp+eZU0K2WrWq7e6TSu0BxZdIIKqIQsdIFq6AbVUQNRJNELekPvxqPxanwYn/PWjLGYOUZ/YHz9ABjFlTw=</latexit>

Im(p2)
<latexit sha1_base64="lgXLCs0Q1ySLd8xCVVWCsZt6Z9g=">AAAB6nicbVC7TgJBFL2LL8QXaqkxE4mJFdmlQEuijSVEF0hgJbPDLEyYnd3MzJqQDaWljYXG2PoRfIed3+BPODwKBU9yk5Nz7s299/gxZ0rb9peVWVldW9/Ibua2tnd29/L7B3UVJZJQl0Q8kk0fK8qZoK5mmtNmLCkOfU4b/uB64jceqFQsEnd6GFMvxD3BAkawNtJtfF/q5At20Z4CLRNnTgqV43Ht+/FkXO3kP9vdiCQhFZpwrFTLsWPtpVhqRjgd5dqJojEmA9yjLUMFDqny0umpI3RmlC4KImlKaDRVf0+kOFRqGPqmM8S6rxa9ifif10p0cOmlTMSJpoLMFgUJRzpCk79Rl0lKNB8agolk5lZE+lhiok06OROCs/jyMqmXik65WK6ZNK5ghiwcwSmcgwMXUIEbqIILBHrwBC/wanHr2Xqz3metGWs+cwh/YH38APABkUo=</latexit>

p2

<latexit sha1_base64="ZQdZ2Ap/YwSW/ENyf9kgZCfjQMI=">AAAB9XicbVDJTgJBEO3BDXFDPXqZQEwwJmSGA3okevGIRpaEGUhPU0CHniXdNSqZ8BcevHjQGK/+izf+xmY5KPiSSl7eq0pVPS8SXKFlTYzU2vrG5lZ6O7Ozu7d/kD08qqswlgxqLBShbHpUgeAB1JCjgGYkgfqegIY3vJ76jQeQiofBPY4icH3aD3iPM4paajsIT5jcwbgQtUtnnWzeKlozmKvEXpB8JeecP08qo2on++10Qxb7ECATVKmWbUXoJlQiZwLGGSdWEFE2pH1oaRpQH5SbzK4em6da6Zq9UOoK0JypvycS6is18j3d6VMcqGVvKv7ntWLsXboJD6IYIWDzRb1YmBia0wjMLpfAUIw0oUxyfavJBlRShjqojA7BXn55ldRLRbtcLN/qNK7IHGlyQnKkQGxyQSrkhlRJjTAiyQt5I+/Go/FqfBif89aUsZg5Jn9gfP0AGliVPQ==</latexit>

Re(p2)

<latexit sha1_base64="vzAqmmUaWWVjPFaksVd0MZ1dfTc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXJkGICGEmh+gx6EVvEcwCmUno6fQkTXoWumvUYchfePDiQRGv/ou3/I2d5aCJDwoe71VRVc+NBFdgmhMjs7a+sbmV3c7t7O7tH+QPj5oqjCVlDRqKULZdopjgAWsAB8HakWTEdwVruaPrqd96YFLxMLiHJGKOTwYB9zgloKWuDewJ0lt/XIq6lbNevmiWzRnwKrEWpFgr2OfPk1pS7+W/7X5IY58FQAVRqmOZETgpkcCpYOOcHSsWEToiA9bRNCA+U046u3qMT7XSx14odQWAZ+rviZT4SiW+qzt9AkO17E3F/7xODN6lk/IgioEFdL7IiwWGEE8jwH0uGQWRaEKo5PpWTIdEEgo6qJwOwVp+eZU0K2WrWq7e6TSu0BxZdIIKqIQsdIFq6AbVUQNRJNELekPvxqPxanwYn/PWjLGYOUZ/YHz9ABjFlTw=</latexit>

Im(p2)
<latexit sha1_base64="qte/3krS7nZtY6QCHjE8Jn0vi6o=">AAAB7nicbVDLSgNBEOz1GeMr6lGRwSAIQtjNIXoMevGYgHlAsgmzk9lk2NndYWZWCEuOfoAXD4p49RPyHd78Bn/CyeOgiQUNRVU33V2e4Exp2/6yVlbX1jc2M1vZ7Z3dvf3cwWFdxYkktEZiHsumhxXlLKI1zTSnTSEpDj1OG15wO/EbD1QqFkf3eiioG+J+xHxGsDZSQ3SKl0Gn2M3l7YI9BVomzpzkyyfj6vfj6bjSzX22ezFJQhppwrFSLccW2k2x1IxwOsq2E0UFJgHu05ahEQ6pctPpuSN0bpQe8mNpKtJoqv6eSHGo1DD0TGeI9UAtehPxP6+VaP/aTVkkEk0jMlvkJxzpGE1+Rz0mKdF8aAgmkplbERlgiYk2CWVNCM7iy8ukXiw4pUKpatK4gRkycAxncAEOXEEZ7qACNSAQwBO8wKslrGfrzXqfta5Y85kj+APr4wdHJ5KY</latexit>

p2 + k2

Wick rotation

Regulated two-
point function

[Braun, et al ’22]

<latexit sha1_base64="aWHAZ7CnZ81tgp0sgbsFFvugm0M=">AAAB9XicbVDLSgMxFM34rPVVFdy4CRbBVZnporosdeOyFfuAdloyaaYNk0lCklHK0P9w40IRd+JP+AXu3Pgtpo+Fth64cDjnXu69J5CMauO6X87K6tr6xmZmK7u9s7u3nzs4bGiRKEzqWDChWgHShFFO6oYaRlpSERQHjDSD6GriN++I0lTwWzOSxI/RgNOQYmSs1L3pRR2phDQCRt1iL5d3C+4UcJl4c5IvH9e+6Vvlo9rLfXb6Aicx4QYzpHXbc6XxU6QMxYyMs51EE4lwhAakbSlHMdF+Or16DM+s0oehULa4gVP190SKYq1HcWA7Y2SGetGbiP957cSEl35KuUwM4Xi2KEwYtE9OIoB9qgg2bGQJworaWyEeIoWwsUFlbQje4svLpFEseKVCqWbTqIAZMuAEnIJz4IELUAbXoArqAAMFHsATeHbunUfnxXmdta4485kj8AfO+w/+MpXl</latexit>

Rk / k2



Callan-Symanzik Regulator

Callan-Symanzik regulator preserves causality  

Can analytically continue to Lorentzian signature at k>0

<latexit sha1_base64="ZQdZ2Ap/YwSW/ENyf9kgZCfjQMI=">AAAB9XicbVDJTgJBEO3BDXFDPXqZQEwwJmSGA3okevGIRpaEGUhPU0CHniXdNSqZ8BcevHjQGK/+izf+xmY5KPiSSl7eq0pVPS8SXKFlTYzU2vrG5lZ6O7Ozu7d/kD08qqswlgxqLBShbHpUgeAB1JCjgGYkgfqegIY3vJ76jQeQiofBPY4icH3aD3iPM4paajsIT5jcwbgQtUtnnWzeKlozmKvEXpB8JeecP08qo2on++10Qxb7ECATVKmWbUXoJlQiZwLGGSdWEFE2pH1oaRpQH5SbzK4em6da6Zq9UOoK0JypvycS6is18j3d6VMcqGVvKv7ntWLsXboJD6IYIWDzRb1YmBia0wjMLpfAUIw0oUxyfavJBlRShjqojA7BXn55ldRLRbtcLN/qNK7IHGlyQnKkQGxyQSrkhlRJjTAiyQt5I+/Go/FqfBif89aUsZg5Jn9gfP0AGliVPQ==</latexit>

Re(p2)

<latexit sha1_base64="vzAqmmUaWWVjPFaksVd0MZ1dfTc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXJkGICGEmh+gx6EVvEcwCmUno6fQkTXoWumvUYchfePDiQRGv/ou3/I2d5aCJDwoe71VRVc+NBFdgmhMjs7a+sbmV3c7t7O7tH+QPj5oqjCVlDRqKULZdopjgAWsAB8HakWTEdwVruaPrqd96YFLxMLiHJGKOTwYB9zgloKWuDewJ0lt/XIq6lbNevmiWzRnwKrEWpFgr2OfPk1pS7+W/7X5IY58FQAVRqmOZETgpkcCpYOOcHSsWEToiA9bRNCA+U046u3qMT7XSx14odQWAZ+rviZT4SiW+qzt9AkO17E3F/7xODN6lk/IgioEFdL7IiwWGEE8jwH0uGQWRaEKo5PpWTIdEEgo6qJwOwVp+eZU0K2WrWq7e6TSu0BxZdIIKqIQsdIFq6AbVUQNRJNELekPvxqPxanwYn/PWjLGYOUZ/YHz9ABjFlTw=</latexit>

Im(p2)
<latexit sha1_base64="lgXLCs0Q1ySLd8xCVVWCsZt6Z9g=">AAAB6nicbVC7TgJBFL2LL8QXaqkxE4mJFdmlQEuijSVEF0hgJbPDLEyYnd3MzJqQDaWljYXG2PoRfIed3+BPODwKBU9yk5Nz7s299/gxZ0rb9peVWVldW9/Ibua2tnd29/L7B3UVJZJQl0Q8kk0fK8qZoK5mmtNmLCkOfU4b/uB64jceqFQsEnd6GFMvxD3BAkawNtJtfF/q5At20Z4CLRNnTgqV43Ht+/FkXO3kP9vdiCQhFZpwrFTLsWPtpVhqRjgd5dqJojEmA9yjLUMFDqny0umpI3RmlC4KImlKaDRVf0+kOFRqGPqmM8S6rxa9ifif10p0cOmlTMSJpoLMFgUJRzpCk79Rl0lKNB8agolk5lZE+lhiok06OROCs/jyMqmXik65WK6ZNK5ghiwcwSmcgwMXUIEbqIILBHrwBC/wanHr2Xqz3metGWs+cwh/YH38APABkUo=</latexit>

p2

<latexit sha1_base64="ZQdZ2Ap/YwSW/ENyf9kgZCfjQMI=">AAAB9XicbVDJTgJBEO3BDXFDPXqZQEwwJmSGA3okevGIRpaEGUhPU0CHniXdNSqZ8BcevHjQGK/+izf+xmY5KPiSSl7eq0pVPS8SXKFlTYzU2vrG5lZ6O7Ozu7d/kD08qqswlgxqLBShbHpUgeAB1JCjgGYkgfqegIY3vJ76jQeQiofBPY4icH3aD3iPM4paajsIT5jcwbgQtUtnnWzeKlozmKvEXpB8JeecP08qo2on++10Qxb7ECATVKmWbUXoJlQiZwLGGSdWEFE2pH1oaRpQH5SbzK4em6da6Zq9UOoK0JypvycS6is18j3d6VMcqGVvKv7ntWLsXboJD6IYIWDzRb1YmBia0wjMLpfAUIw0oUxyfavJBlRShjqojA7BXn55ldRLRbtcLN/qNK7IHGlyQnKkQGxyQSrkhlRJjTAiyQt5I+/Go/FqfBif89aUsZg5Jn9gfP0AGliVPQ==</latexit>

Re(p2)

<latexit sha1_base64="vzAqmmUaWWVjPFaksVd0MZ1dfTc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXJkGICGEmh+gx6EVvEcwCmUno6fQkTXoWumvUYchfePDiQRGv/ou3/I2d5aCJDwoe71VRVc+NBFdgmhMjs7a+sbmV3c7t7O7tH+QPj5oqjCVlDRqKULZdopjgAWsAB8HakWTEdwVruaPrqd96YFLxMLiHJGKOTwYB9zgloKWuDewJ0lt/XIq6lbNevmiWzRnwKrEWpFgr2OfPk1pS7+W/7X5IY58FQAVRqmOZETgpkcCpYOOcHSsWEToiA9bRNCA+U046u3qMT7XSx14odQWAZ+rviZT4SiW+qzt9AkO17E3F/7xODN6lk/IgioEFdL7IiwWGEE8jwH0uGQWRaEKo5PpWTIdEEgo6qJwOwVp+eZU0K2WrWq7e6TSu0BxZdIIKqIQsdIFq6AbVUQNRJNELekPvxqPxanwYn/PWjLGYOUZ/YHz9ABjFlTw=</latexit>

Im(p2)
<latexit sha1_base64="qte/3krS7nZtY6QCHjE8Jn0vi6o=">AAAB7nicbVDLSgNBEOz1GeMr6lGRwSAIQtjNIXoMevGYgHlAsgmzk9lk2NndYWZWCEuOfoAXD4p49RPyHd78Bn/CyeOgiQUNRVU33V2e4Exp2/6yVlbX1jc2M1vZ7Z3dvf3cwWFdxYkktEZiHsumhxXlLKI1zTSnTSEpDj1OG15wO/EbD1QqFkf3eiioG+J+xHxGsDZSQ3SKl0Gn2M3l7YI9BVomzpzkyyfj6vfj6bjSzX22ezFJQhppwrFSLccW2k2x1IxwOsq2E0UFJgHu05ahEQ6pctPpuSN0bpQe8mNpKtJoqv6eSHGo1DD0TGeI9UAtehPxP6+VaP/aTVkkEk0jMlvkJxzpGE1+Rz0mKdF8aAgmkplbERlgiYk2CWVNCM7iy8ukXiw4pUKpatK4gRkycAxncAEOXEEZ7qACNSAQwBO8wKslrGfrzXqfta5Y85kj+APr4wdHJ5KY</latexit>

p2 + k2

Wick rotation

Regulated two-
point function

[Braun, et al ’22]

<latexit sha1_base64="aWHAZ7CnZ81tgp0sgbsFFvugm0M=">AAAB9XicbVDLSgMxFM34rPVVFdy4CRbBVZnporosdeOyFfuAdloyaaYNk0lCklHK0P9w40IRd+JP+AXu3Pgtpo+Fth64cDjnXu69J5CMauO6X87K6tr6xmZmK7u9s7u3nzs4bGiRKEzqWDChWgHShFFO6oYaRlpSERQHjDSD6GriN++I0lTwWzOSxI/RgNOQYmSs1L3pRR2phDQCRt1iL5d3C+4UcJl4c5IvH9e+6Vvlo9rLfXb6Aicx4QYzpHXbc6XxU6QMxYyMs51EE4lwhAakbSlHMdF+Or16DM+s0oehULa4gVP190SKYq1HcWA7Y2SGetGbiP957cSEl35KuUwM4Xi2KEwYtE9OIoB9qgg2bGQJworaWyEeIoWwsUFlbQje4svLpFEseKVCqWbTqIAZMuAEnIJz4IELUAbXoArqAAMFHsATeHbunUfnxXmdta4485kj8AfO+w/+MpXl</latexit>

Rk / k2



Give up finiteness 
All loop momenta contribute above cutoff k

To guarantee finite UV
<latexit sha1_base64="4BkEAfVQ1BhXTBr7asFY4G+I53s="></latexit>

@t�k =
1

2
TrGk@tRk � @tSct,k

UV divergences renormalised at every RG step using  
BPHZ renormalisation in d=4

[Fehre, Litim, Pawlowski, Reichert ’21]
[Braun, et al ’22]

<latexit sha1_base64="aWHAZ7CnZ81tgp0sgbsFFvugm0M=">AAAB9XicbVDLSgMxFM34rPVVFdy4CRbBVZnporosdeOyFfuAdloyaaYNk0lCklHK0P9w40IRd+JP+AXu3Pgtpo+Fth64cDjnXu69J5CMauO6X87K6tr6xmZmK7u9s7u3nzs4bGiRKEzqWDChWgHShFFO6oYaRlpSERQHjDSD6GriN++I0lTwWzOSxI/RgNOQYmSs1L3pRR2phDQCRt1iL5d3C+4UcJl4c5IvH9e+6Vvlo9rLfXb6Aicx4QYzpHXbc6XxU6QMxYyMs51EE4lwhAakbSlHMdF+Or16DM+s0oehULa4gVP190SKYq1HcWA7Y2SGetGbiP957cSEl35KuUwM4Xi2KEwYtE9OIoB9qgg2bGQJworaWyEeIoWwsUFlbQje4svLpFEseKVCqWbTqIAZMuAEnIJz4IELUAbXoArqAAMFHsATeHbunUfnxXmdta4485kj8AfO+w/+MpXl</latexit>

Rk / k2

Callan-Symanzik Regulator



[Fehre, Litim, Pawlowski, 
Reichert ’21]

[Pawlowski, Reichert, 
Wessely, 2025]

[GA, Litim, 
Reichert, 2026]

Include graviton scalar mode 

<latexit sha1_base64="ifR58SMjY2AXfiNjXSG9JXO40AI="></latexit>

⇢TT/0(�) = 2 Im
⇥
GTT/0

��
Wick

⇤
Set up differential equation for spectral functions 

<latexit sha1_base64="KgaLe+5/U4bL6dH2/JfR64rxJj8="></latexit>

@t⇢TT/0(�) = �2 Im

"
G2
TT/0

✓
@t�

(2)
TT/0 + @tRTT/0

◆����
Wick

#



Coupled RG flows two-point correlators

<latexit sha1_base64="KgaLe+5/U4bL6dH2/JfR64rxJj8="></latexit>

@t⇢TT/0(�) = �2 Im

"
G2
TT/0

✓
@t�

(2)
TT/0 + @tRTT/0

◆����
Wick

#

Blue lines: TT mode 
Red lines: scalar + vector mode

Dashed black lines: ghost 

[Fehre, Litim, Pawlowski, 
Reichert ’21]

[Pawlowski, Reichert, 
Wessely, 2025]

[GA, Litim, 
Reichert, 2026]

<latexit sha1_base64="ifR58SMjY2AXfiNjXSG9JXO40AI="></latexit>

⇢TT/0(�) = 2 Im
⇥
GTT/0

��
Wick

⇤
Set up differential equation for spectral functions 

Include graviton scalar mode 



Spectral functions in on-shell renormalisation

The graviton is massless

Spectral functions have the standard delta peak and continuum starting at the origin

Ghost and tachyon free



Spectral functions in on-shell renormalisation

The graviton is massless

Spectral functions have the standard delta peak and continuum starting at the origin

TT agrees with numerical results
[Pawlowski, Reichert, Wessely ’25] [Knorr, ’26][Fehre, Litim, Pawlowski, Reichert ’21]

TT/0 agree with analytic results

Ghost and tachyon free

See B. Knorr’s talk! 



I have not told you everything…

[Fehre, Litim, Pawlowski, 
Reichert ’21]

<latexit sha1_base64="s2qUzx0g+iTj2WsBmnxiZaH57OQ="></latexit>

�(2),µ⌫⇢� =
1

32⇡

✓
�(2)
TT⇧

µ⌫⇢�
TT � 1

2
�(2)
0 ⇧µ⌫⇢�

0 + gauge

◆

[Pawlowski, Reichert, 
Wessely, 2025]

The two-point function tensor decomposition

[GA, Litim, Reichert, 2026]

<latexit sha1_base64="KgaLe+5/U4bL6dH2/JfR64rxJj8="></latexit>

@t⇢TT/0(�) = �2 Im

"
G2
TT/0

✓
@t�

(2)
TT/0 + @tRTT/0

◆����
Wick

#
Goal: set up 



[Fehre, Litim, Pawlowski, 
Reichert ’21]

<latexit sha1_base64="s2qUzx0g+iTj2WsBmnxiZaH57OQ="></latexit>

�(2),µ⌫⇢� =
1

32⇡

✓
�(2)
TT⇧

µ⌫⇢�
TT � 1

2
�(2)
0 ⇧µ⌫⇢�

0 + gauge

◆

[Pawlowski, Reichert, 
Wessely, 2025]

The two-point function tensor decomposition

Recall RG flow

[GA, Litim, Reichert, 2026]

<latexit sha1_base64="KgaLe+5/U4bL6dH2/JfR64rxJj8="></latexit>

@t⇢TT/0(�) = �2 Im

"
G2
TT/0

✓
@t�

(2)
TT/0 + @tRTT/0

◆����
Wick

#
Goal: set up I have not told you everything…

<latexit sha1_base64="G+JC4gZAkeGSF6dxFTVbsEKsSqA="></latexit>

ωt!TT/0 =
1

2
Tr

[
ωtRTT/0

(
!(2)
TT/0 +RTT/0

)→1
]



[Fehre, Litim, Pawlowski, 
Reichert ’21]

<latexit sha1_base64="s2qUzx0g+iTj2WsBmnxiZaH57OQ="></latexit>

�(2),µ⌫⇢� =
1

32⇡

✓
�(2)
TT⇧

µ⌫⇢�
TT � 1

2
�(2)
0 ⇧µ⌫⇢�

0 + gauge

◆

[Pawlowski, Reichert, 
Wessely, 2025]

Regulated two-point function
<latexit sha1_base64="x02vOO3hX7Su9HEga33m9XMAWkM="></latexit>

�(2)
TT/0 +RTT/0 = ZTT/0(p)(p

2 +m2
TT/0) <latexit sha1_base64="PS4HIDd//B8/0K/3n5wsaGFzzNc=">AAACHHicbVA9SwNBEN3z2/h1ammzGAQtjHcKaiOIWlgqJBrMhWNvM9Ele3vH7pwYjvwQG3t/hY2FIjYWguDfsHeTWPj1YODx3gwz86JUCoOe9+YMDA4Nj4yOjRcmJqemZ9zZuROTZJpDhScy0dWIGZBCQQUFSqimGlgcSTiNWvtd//QStBGJKmM7hXrMzpVoCs7QSqG7EQCyMA8QrjAvlztrXmdnNUiZRsFkiDSQavnsp78SukWv5PVA/xL/ixR3Vz6eVw/eb49C9yVoJDyLQSGXzJia76VYz7tLuIROIcgMpIy32DnULFUsBlPPe8916JJVGrSZaFsKaU/9PpGz2Jh2HNnOmOGF+e11xf+8WobN7XouVJohKN5f1MwkxYR2k6INoYGjbFvCuBb2VsovmGYcbZ4FG4L/++W/5GS95G+WNo9tGnukjzGyQBbJMvHJFtklh+SIVAgn1+SOPJBH58a5d56c537rgPM1M09+wHn9BD/Rpdw=</latexit>

⌘TT/0 = �@t ln(ZTT/0)

and anomalous dimensions

With off-shell mass parameters

The two-point function tensor decomposition

Recall RG flow

<latexit sha1_base64="TTuiYHG5aMQ1tDXkIfwuXE99b70=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWLgYhAY27FtEyqIWFRYS8IBuW2ckkGTL7YOauGJYtbfwTsbFQxNbexk7wN+ydPAqNHhg4nHMPd+5xQ84kmOaHlpqZnZtfSC9mlpZXVtf09Y2aDCJBaJUEPBANF0vKmU+rwIDTRigo9lxO627/dOjXr6iQLPArMAhpy8Ndn3UYwaAkR9/2nNgGeg1xpZIcmEnOvlDhNnZiQpK9ft7Rs2bBHMH4S6wJyZbyX2/7Z593ZUd/t9sBiTzqA+FYyqZlhtCKsQBGOE0ydiRpiEkfd2lTUR97VLbi0SGJsauUttEJhHo+GCP1ZyLGnpQDz1WTHoaenPaG4n9eM4LOcStmfhgB9cl4USfiBgTGsBWjzQQlwAeKYCKY+qtBelhgAqq7jCrBmj75L6kdFqxioXip2jhBY6TRFtpBOWShI1RC56iMqoigG3SPHtGTdqs9aM/ay3g0pU0ym+gXtNdvu2Gdjw==</latexit>

mTT/0(!cc, k)

[GA, Litim, Reichert, 2026]

<latexit sha1_base64="KgaLe+5/U4bL6dH2/JfR64rxJj8="></latexit>

@t⇢TT/0(�) = �2 Im

"
G2
TT/0

✓
@t�

(2)
TT/0 + @tRTT/0

◆����
Wick

#
Goal: set up I have not told you everything…

<latexit sha1_base64="G+JC4gZAkeGSF6dxFTVbsEKsSqA="></latexit>

ωt!TT/0 =
1

2
Tr

[
ωtRTT/0

(
!(2)
TT/0 +RTT/0

)→1
]



Healthy Källén-Lehmann flows
<latexit sha1_base64="KgaLe+5/U4bL6dH2/JfR64rxJj8="></latexit>

@t⇢TT/0(�) = �2 Im

"
G2
TT/0

✓
@t�

(2)
TT/0 + @tRTT/0

◆����
Wick

#

Single mode of gauge field:  
Callan-Symanzik was enough

<latexit sha1_base64="9NV2uuc1uonouerAoivzHhd7yK4=">AAACAXicbVC7SgNBFJ2Nrxhfq4IINotBsAq7KaJliI1lInlBdl1mJ7PJkNkHM3fFsMTGX7GxiIitrV9gZ+O3OHkUmnhg4HDOvdw5x4s5k2CaX1pmZXVtfSO7mdva3tnd0/cPmjJKBKENEvFItD0sKWchbQADTtuxoDjwOG15g6uJ37qjQrIorMMwpk6AeyHzGcGgJFc/vnFTG+g9pPX6aGTHIoohMga3RVfPmwVzCmOZWHOSLx/Vvtm48lF19U+7G5EkoCEQjqXsWGYMTooFMMLpKGcnksaYDHCPdhQNcUClk04TjIwzpXQNPxLqhWBM1d8bKQ6kHAaemgww9OWiNxH/8zoJ+JdOysI4ARqS2SE/4YYKOanD6DJBCfChIpgIpv5qkD4WmIAqLadKsBYjL5NmsWCVCqWaaqOCZsiiE3SKzpGFLlAZXaMqaiCCHtATGqMX7VF71l61t9loRpvvHKI/0N5/AL3Vmsg=</latexit>

RTT → k2 <latexit sha1_base64="6tE8po0efWdziY8kGLPS+OoDLZI=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF9WNWHTjskJv0g4lk6ZtaJIZkjNiGfoUblwoIu58EfduxLcxvSy09YfAx/+fQ845YSy4Ac/7djJLyyura9l1d2Nza3snt7tXM1GiKavSSES6ERLDBFesChwEa8SaERkKVg8HV+O8fse04ZGqwDBmgSQ9xbucErDWbQvYPaSVyqidy3sFbyK8CP4M8hcf7nn89uWW27nPVieiiWQKqCDGNH0vhiAlGjgVbOS2EsNiQgekx5oWFZHMBOlk4BE+sk4HdyNtnwI8cX93pEQaM5ShrZQE+mY+G5v/Zc0EumdBylWcAFN0+lE3ERgiPN4ed7hmFMTQAqGa21kx7RNNKNgbufYI/vzKi1A7KfjFQvHGy5cu0VRZdIAO0THy0SkqoWtURlVEkUQP6Ak9O9p5dF6c12lpxpn17KM/ct5/AHq2k90=</latexit>

TT
<latexit sha1_base64="6tE8po0efWdziY8kGLPS+OoDLZI=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF9WNWHTjskJv0g4lk6ZtaJIZkjNiGfoUblwoIu58EfduxLcxvSy09YfAx/+fQ845YSy4Ac/7djJLyyura9l1d2Nza3snt7tXM1GiKavSSES6ERLDBFesChwEa8SaERkKVg8HV+O8fse04ZGqwDBmgSQ9xbucErDWbQvYPaSVyqidy3sFbyK8CP4M8hcf7nn89uWW27nPVieiiWQKqCDGNH0vhiAlGjgVbOS2EsNiQgekx5oWFZHMBOlk4BE+sk4HdyNtnwI8cX93pEQaM5ShrZQE+mY+G5v/Zc0EumdBylWcAFN0+lE3ERgiPN4ed7hmFMTQAqGa21kx7RNNKNgbufYI/vzKi1A7KfjFQvHGy5cu0VRZdIAO0THy0SkqoWtURlVEkUQP6Ak9O9p5dF6c12lpxpn17KM/ct5/AHq2k90=</latexit>

TT



<latexit sha1_base64="KgaLe+5/U4bL6dH2/JfR64rxJj8="></latexit>

@t⇢TT/0(�) = �2 Im

"
G2
TT/0

✓
@t�

(2)
TT/0 + @tRTT/0

◆����
Wick

#

Single mode of gauge field:  
Callan-Symanzik was enough

<latexit sha1_base64="9NV2uuc1uonouerAoivzHhd7yK4=">AAACAXicbVC7SgNBFJ2Nrxhfq4IINotBsAq7KaJliI1lInlBdl1mJ7PJkNkHM3fFsMTGX7GxiIitrV9gZ+O3OHkUmnhg4HDOvdw5x4s5k2CaX1pmZXVtfSO7mdva3tnd0/cPmjJKBKENEvFItD0sKWchbQADTtuxoDjwOG15g6uJ37qjQrIorMMwpk6AeyHzGcGgJFc/vnFTG+g9pPX6aGTHIoohMga3RVfPmwVzCmOZWHOSLx/Vvtm48lF19U+7G5EkoCEQjqXsWGYMTooFMMLpKGcnksaYDHCPdhQNcUClk04TjIwzpXQNPxLqhWBM1d8bKQ6kHAaemgww9OWiNxH/8zoJ+JdOysI4ARqS2SE/4YYKOanD6DJBCfChIpgIpv5qkD4WmIAqLadKsBYjL5NmsWCVCqWaaqOCZsiiE3SKzpGFLlAZXaMqaiCCHtATGqMX7VF71l61t9loRpvvHKI/0N5/AL3Vmsg=</latexit>

RTT → k2 <latexit sha1_base64="6tE8po0efWdziY8kGLPS+OoDLZI=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF9WNWHTjskJv0g4lk6ZtaJIZkjNiGfoUblwoIu58EfduxLcxvSy09YfAx/+fQ845YSy4Ac/7djJLyyura9l1d2Nza3snt7tXM1GiKavSSES6ERLDBFesChwEa8SaERkKVg8HV+O8fse04ZGqwDBmgSQ9xbucErDWbQvYPaSVyqidy3sFbyK8CP4M8hcf7nn89uWW27nPVieiiWQKqCDGNH0vhiAlGjgVbOS2EsNiQgekx5oWFZHMBOlk4BE+sk4HdyNtnwI8cX93pEQaM5ShrZQE+mY+G5v/Zc0EumdBylWcAFN0+lE3ERgiPN4ed7hmFMTQAqGa21kx7RNNKNgbufYI/vzKi1A7KfjFQvHGy5cu0VRZdIAO0THy0SkqoWtURlVEkUQP6Ak9O9p5dF6c12lpxpn17KM/ct5/AHq2k90=</latexit>

TT
<latexit sha1_base64="6tE8po0efWdziY8kGLPS+OoDLZI=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF9WNWHTjskJv0g4lk6ZtaJIZkjNiGfoUblwoIu58EfduxLcxvSy09YfAx/+fQ845YSy4Ac/7djJLyyura9l1d2Nza3snt7tXM1GiKavSSES6ERLDBFesChwEa8SaERkKVg8HV+O8fse04ZGqwDBmgSQ9xbucErDWbQvYPaSVyqidy3sFbyK8CP4M8hcf7nn89uWW27nPVieiiWQKqCDGNH0vhiAlGjgVbOS2EsNiQgekx5oWFZHMBOlk4BE+sk4HdyNtnwI8cX93pEQaM5ShrZQE+mY+G5v/Zc0EumdBylWcAFN0+lE3ERgiPN4ed7hmFMTQAqGa21kx7RNNKNgbufYI/vzKi1A7KfjFQvHGy5cu0VRZdIAO0THy0SkqoWtURlVEkUQP6Ak9O9p5dF6c12lpxpn17KM/ct5/AHq2k90=</latexit>

TT

Coupled modes of gauge field:  
Callan-Symanzik  
+ symmetry identities

<latexit sha1_base64="f+Kr84LtdY9FctJTYYaU2DeaIPU="></latexit>

ωgeneralisedk=!init
(ε)

<latexit sha1_base64="ymJklwd5sodZrXJs+l892kUfB8E="></latexit>

ωKL
k=!init

(ε)

<latexit sha1_base64="GJo45mZuin3zMx5HqMgfIPYLTgs="></latexit>

ωKL
k=0(ε) → ω(ε) <latexit sha1_base64="D3b/fgJD7as9U38v06ncxyj5MNA=">AAAB6nicdVDLSgMxFM34rPVVFdy4CRbB1ZDROtPuSt24bNE+oB1KJk3b0ExmSDJCGfoJblwo4tatf+EXuHPjt5i2Cip64MLhnHu5954g5kxphN6shcWl5ZXVzFp2fWNzazu3s9tQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjA6n/rNayoVi8SVHsfUD/FAsD4jWBvpstkddXN5ZKOC4xY8iOxT5HpnJUM8hIqlEnRsNEO+vF97Z8+Vl2o399rpRSQJqdCEY6XaDoq1n2KpGeF0ku0kisaYjPCAtg0VOKTKT2enTuCRUXqwH0lTQsOZ+n0ixaFS4zAwnSHWQ/Xbm4p/ee1E94t+ykScaCrIfFE/4VBHcPo37DFJieZjQzCRzNwKyRBLTLRJJ2tC+PoU/k8aJ7bj2m7NpFEBc2TAATgEx8ABHiiDC1AFdUDAANyAO3BvcevWerAe560L1ufMHvgB6+kDjeyRtg==</latexit>

Wk

[GA, Litim, Reichert, ’26]

Healthy Källén-Lehmann flows



<latexit sha1_base64="KgaLe+5/U4bL6dH2/JfR64rxJj8="></latexit>

@t⇢TT/0(�) = �2 Im

"
G2
TT/0

✓
@t�

(2)
TT/0 + @tRTT/0

◆����
Wick

#

Single mode of gauge field:  
Callan-Symanzik was enough

<latexit sha1_base64="9NV2uuc1uonouerAoivzHhd7yK4=">AAACAXicbVC7SgNBFJ2Nrxhfq4IINotBsAq7KaJliI1lInlBdl1mJ7PJkNkHM3fFsMTGX7GxiIitrV9gZ+O3OHkUmnhg4HDOvdw5x4s5k2CaX1pmZXVtfSO7mdva3tnd0/cPmjJKBKENEvFItD0sKWchbQADTtuxoDjwOG15g6uJ37qjQrIorMMwpk6AeyHzGcGgJFc/vnFTG+g9pPX6aGTHIoohMga3RVfPmwVzCmOZWHOSLx/Vvtm48lF19U+7G5EkoCEQjqXsWGYMTooFMMLpKGcnksaYDHCPdhQNcUClk04TjIwzpXQNPxLqhWBM1d8bKQ6kHAaemgww9OWiNxH/8zoJ+JdOysI4ARqS2SE/4YYKOanD6DJBCfChIpgIpv5qkD4WmIAqLadKsBYjL5NmsWCVCqWaaqOCZsiiE3SKzpGFLlAZXaMqaiCCHtATGqMX7VF71l61t9loRpvvHKI/0N5/AL3Vmsg=</latexit>

RTT → k2 <latexit sha1_base64="6tE8po0efWdziY8kGLPS+OoDLZI=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF9WNWHTjskJv0g4lk6ZtaJIZkjNiGfoUblwoIu58EfduxLcxvSy09YfAx/+fQ845YSy4Ac/7djJLyyura9l1d2Nza3snt7tXM1GiKavSSES6ERLDBFesChwEa8SaERkKVg8HV+O8fse04ZGqwDBmgSQ9xbucErDWbQvYPaSVyqidy3sFbyK8CP4M8hcf7nn89uWW27nPVieiiWQKqCDGNH0vhiAlGjgVbOS2EsNiQgekx5oWFZHMBOlk4BE+sk4HdyNtnwI8cX93pEQaM5ShrZQE+mY+G5v/Zc0EumdBylWcAFN0+lE3ERgiPN4ed7hmFMTQAqGa21kx7RNNKNgbufYI/vzKi1A7KfjFQvHGy5cu0VRZdIAO0THy0SkqoWtURlVEkUQP6Ak9O9p5dF6c12lpxpn17KM/ct5/AHq2k90=</latexit>

TT
<latexit sha1_base64="6tE8po0efWdziY8kGLPS+OoDLZI=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF9WNWHTjskJv0g4lk6ZtaJIZkjNiGfoUblwoIu58EfduxLcxvSy09YfAx/+fQ845YSy4Ac/7djJLyyura9l1d2Nza3snt7tXM1GiKavSSES6ERLDBFesChwEa8SaERkKVg8HV+O8fse04ZGqwDBmgSQ9xbucErDWbQvYPaSVyqidy3sFbyK8CP4M8hcf7nn89uWW27nPVieiiWQKqCDGNH0vhiAlGjgVbOS2EsNiQgekx5oWFZHMBOlk4BE+sk4HdyNtnwI8cX93pEQaM5ShrZQE+mY+G5v/Zc0EumdBylWcAFN0+lE3ERgiPN4ed7hmFMTQAqGa21kx7RNNKNgbufYI/vzKi1A7KfjFQvHGy5cu0VRZdIAO0THy0SkqoWtURlVEkUQP6Ak9O9p5dF6c12lpxpn17KM/ct5/AHq2k90=</latexit>

TT

Coupled modes of gauge field:  
Callan-Symanzik  
+ symmetry identities

<latexit sha1_base64="f+Kr84LtdY9FctJTYYaU2DeaIPU="></latexit>

ωgeneralisedk=!init
(ε)

<latexit sha1_base64="ymJklwd5sodZrXJs+l892kUfB8E="></latexit>

ωKL
k=!init

(ε)

<latexit sha1_base64="GJo45mZuin3zMx5HqMgfIPYLTgs="></latexit>

ωKL
k=0(ε) → ω(ε) <latexit sha1_base64="D3b/fgJD7as9U38v06ncxyj5MNA=">AAAB6nicdVDLSgMxFM34rPVVFdy4CRbB1ZDROtPuSt24bNE+oB1KJk3b0ExmSDJCGfoJblwo4tatf+EXuHPjt5i2Cip64MLhnHu5954g5kxphN6shcWl5ZXVzFp2fWNzazu3s9tQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjA6n/rNayoVi8SVHsfUD/FAsD4jWBvpstkddXN5ZKOC4xY8iOxT5HpnJUM8hIqlEnRsNEO+vF97Z8+Vl2o399rpRSQJqdCEY6XaDoq1n2KpGeF0ku0kisaYjPCAtg0VOKTKT2enTuCRUXqwH0lTQsOZ+n0ixaFS4zAwnSHWQ/Xbm4p/ee1E94t+ykScaCrIfFE/4VBHcPo37DFJieZjQzCRzNwKyRBLTLRJJ2tC+PoU/k8aJ7bj2m7NpFEBc2TAATgEx8ABHiiDC1AFdUDAANyAO3BvcevWerAe560L1ufMHvgB6+kDjeyRtg==</latexit>

Wk

<latexit sha1_base64="pHh69UHXjpS/04wEgG5gHX2o4MM=">AAAB/nicbVA9SwNBEN3zM8avqFhpsRgEq3BnES1FG8sISRSScOxtJmbJ7t65OyeGI+BfsbFQxDa/w85/YmHhJrHQ6IOBx3szzMyLEiks+v67NzM7N7+wmFvKL6+srq0XNjbrNk4NhxqPZWyuImZBCg01FCjhKjHAVCThMuqdjfzLWzBWxLqK/QRail1r0RGcoZPCwrYK/aaGG6rCrIlwh1m1OhiEhaJf8segf0nwTYonu8NT//NjrRIW3prtmKcKNHLJrG0EfoKtjBkUXMIg30wtJIz32DU0HNVMgW1l4/MHdN8pbdqJjSuNdKz+nMiYsravItepGHbttDcS//MaKXaOW5nQSYqg+WRRJ5UUYzrKgraFAY6y7wjjRrhbKe8ywzi6xPIuhGD65b+kflgKyqXyhUvjlEyQIztkjxyQgByRE3JOKqRGOMnIA3kiz9699+i9eK+T1hnve2aL/II3/AIfOplN</latexit>

m0 6= mTT
<latexit sha1_base64="gRXa/xrQfEM34ks3KJ9BOKF+MqA=">AAACBHicbZC7SgNBFIZnvcZ4W7VUZDAIVmHXIloGbSwTSFTIhjA7OUmGzM6uM2fFsKSw0FexsVBEsPIh7HwGX8JJYuHth4GP/5zDmfOHiRQGPe/dmZqemZ2bzy3kF5eWV1bdtfVTE6eaQ53HMtbnITMghYI6CpRwnmhgUSjhLOwfj+pnl6CNiFUNBwk0I9ZVoiM4Q2u13M0AkLW8QMEFHWMWIFxhVqsNhy234BW9sehf8L+gUN56qX7cbL9UWu5b0I55GoFCLpkxDd9LsJkxjYJLGOaD1EDCeJ91oWFRsQhMMxsfMaS71mnTTqztU0jH7veJjEXGDKLQdkYMe+Z3bWT+V2uk2DlsZkIlKYLik0WdVFKM6SgR2hYaOMqBBca1sH+lvMc042hzy9sQ/N8n/4XT/aJfKpaqNo0jMlGObJIdskd8ckDK5IRUSJ1wck3uyAN5dG6de+fJeZ60TjlfMxvkh5zXT+eVm/4=</latexit>

⌘0 6= ⌘TT

<latexit sha1_base64="gRXa/xrQfEM34ks3KJ9BOKF+MqA=">AAACBHicbZC7SgNBFIZnvcZ4W7VUZDAIVmHXIloGbSwTSFTIhjA7OUmGzM6uM2fFsKSw0FexsVBEsPIh7HwGX8JJYuHth4GP/5zDmfOHiRQGPe/dmZqemZ2bzy3kF5eWV1bdtfVTE6eaQ53HMtbnITMghYI6CpRwnmhgUSjhLOwfj+pnl6CNiFUNBwk0I9ZVoiM4Q2u13M0AkLW8QMEFHWMWIFxhVqsNhy234BW9sehf8L+gUN56qX7cbL9UWu5b0I55GoFCLpkxDd9LsJkxjYJLGOaD1EDCeJ91oWFRsQhMMxsfMaS71mnTTqztU0jH7veJjEXGDKLQdkYMe+Z3bWT+V2uk2DlsZkIlKYLik0WdVFKM6SgR2hYaOMqBBca1sH+lvMc042hzy9sQ/N8n/4XT/aJfKpaqNo0jMlGObJIdskd8ckDK5IRUSJ1wck3uyAN5dG6de+fJeZ60TjlfMxvkh5zXT+eVm/4=</latexit>

⌘0 6= ⌘TT

<latexit sha1_base64="PRd24X3kFaWVmx9ZA4/PYOC89Vc=">AAAB+3icbVC7SgNBFJ31GeNrjWBjMxgEq7BrEW2EEBvLBPKCJCyzk0kyZGZ3mbkrCcv+io2FIlr6B36BnY3f4uRRaOKBC4dz7uXee/xIcA2O82WtrW9sbm1ndrK7e/sHh/ZRrqHDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH91O/eY9U5qHQQ0mEetKMgh4n1MCRvLsnPScGyy9pANsDEmtlqaenXcKzgx4lbgLki+dVL/5W/mj4tmfnV5IY8kCoIJo3XadCLoJUcCpYGm2E2sWEToiA9Y2NCCS6W4yuz3F50bp4X6oTAWAZ+rviYRIrSfSN52SwFAve1PxP68dQ/+6m/AgioEFdL6oHwsMIZ4GgXtcMQpiYgihiptbMR0SRSiYuLImBHf55VXSuCy4xUKxatIoozky6BSdoQvkoitUQneoguqIojF6QE/o2UqtR+vFep23rlmLmWP0B9b7D53Gl+U=</latexit>m0 = mTTUnhealthy KL 

(extra cuts)

Healthy KL <latexit sha1_base64="56rBL/eUXDlazVZw/flC4yE1/+A=">AAACAXicbVDJSgNBEO1xjXGLehEUaQyCpzDjIXoRgl48JpANkhB6OpWkSc9Cd40YhngR/8SLB0U8BfwLb36DP2FnOWjig6Ie71XRXc8NpdBo21/WwuLS8spqYi25vrG5tZ3a2S3rIFIcSjyQgaq6TIMUPpRQoIRqqIB5roSK27se+ZVbUFoEfhH7ITQ81vFFW3CGRmqm9uuArGlf0nGP6wh3GBeLg0EzlbYz9hh0njhTks4dDgvfj0fDfDP1WW8FPPLARy6Z1jXHDrERM4WCSxgk65GGkPEe60DNUJ95oBvx+IIBPTFKi7YDZcpHOlZ/b8TM07rvuWbSY9jVs95I/M+rRdi+aMTCDyMEn08eakeSYkBHcdCWUMBR9g1hXAnzV8q7TDGOJrSkCcGZPXmelM8yTjaTLZg0rsgECXJAjskpccg5yZEbkiclwsk9eSIv5NV6sJ6tN+t9MrpgTXf2yB9YHz89e5p9</latexit>⌘0 = ⌘TT

<latexit sha1_base64="PRd24X3kFaWVmx9ZA4/PYOC89Vc=">AAAB+3icbVC7SgNBFJ31GeNrjWBjMxgEq7BrEW2EEBvLBPKCJCyzk0kyZGZ3mbkrCcv+io2FIlr6B36BnY3f4uRRaOKBC4dz7uXee/xIcA2O82WtrW9sbm1ndrK7e/sHh/ZRrqHDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH91O/eY9U5qHQQ0mEetKMgh4n1MCRvLsnPScGyy9pANsDEmtlqaenXcKzgx4lbgLki+dVL/5W/mj4tmfnV5IY8kCoIJo3XadCLoJUcCpYGm2E2sWEToiA9Y2NCCS6W4yuz3F50bp4X6oTAWAZ+rviYRIrSfSN52SwFAve1PxP68dQ/+6m/AgioEFdL6oHwsMIZ4GgXtcMQpiYgihiptbMR0SRSiYuLImBHf55VXSuCy4xUKxatIoozky6BSdoQvkoitUQneoguqIojF6QE/o2UqtR+vFep23rlmLmWP0B9b7D53Gl+U=</latexit>m0 = mTT

-π

-π /2

0

π /2

π

0

32
∞

<latexit sha1_base64="vzAqmmUaWWVjPFaksVd0MZ1dfTc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXJkGICGEmh+gx6EVvEcwCmUno6fQkTXoWumvUYchfePDiQRGv/ou3/I2d5aCJDwoe71VRVc+NBFdgmhMjs7a+sbmV3c7t7O7tH+QPj5oqjCVlDRqKULZdopjgAWsAB8HakWTEdwVruaPrqd96YFLxMLiHJGKOTwYB9zgloKWuDewJ0lt/XIq6lbNevmiWzRnwKrEWpFgr2OfPk1pS7+W/7X5IY58FQAVRqmOZETgpkcCpYOOcHSsWEToiA9bRNCA+U046u3qMT7XSx14odQWAZ+rviZT4SiW+qzt9AkO17E3F/7xODN6lk/IgioEFdL7IiwWGEE8jwH0uGQWRaEKo5PpWTIdEEgo6qJwOwVp+eZU0K2WrWq7e6TSu0BxZdIIKqIQsdIFq6AbVUQNRJNELekPvxqPxanwYn/PWjLGYOUZ/YHz9ABjFlTw=</latexit> Im
(p

2
)

<latexit sha1_base64="kWGP4iyaLtDyW6b8A1CGAZzOh24=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sI5gLJEuYncwmY2ZnlplZYQl5BxsLRWwsfBR7G/FtnFwKTfxh4OP/z2HOOWHCmTae9+3klpZXVtfy6+7G5tb2TmF3r65lqgitEcmlaoZYU84ErRlmOG0miuI45LQRDq7GeeOeKs2kuDVZQoMY9wSLGMHGWvU2E5HJOoWiV/ImQovgz6B48eGeJ29fbrVT+Gx3JUljKgzhWOuW7yUmGGJlGOF05LZTTRNMBrhHWxYFjqkOhpNpR+jIOl0USWWfMGji/u4Y4ljrLA5tZYxNX89nY/O/rJWa6CwYMpGkhgoy/ShKOTISjVdHXaYoMTyzgIlidlZE+lhhYuyBXHsEf37lRaiflPxyqXzjFSuXMFUeDuAQjsGHU6jANVShBgTu4AGe4NmRzqPz4rxOS3POrGcf/sh5/wElV5KE</latexit>1

<latexit sha1_base64="HggR/ecTROP7Q0wRooYvXD58nuM=">AAAB5HicbZC7SgNBFIbPxltcb9HWZjAIVmHXItqIQRvLCOYCyRJmJ2eTMbOzy8ysEEKewMZCsRV8GHsb8W2cXApN/GHg4//PYc45YSq4Np737eRWVtfWN/Kb7tb2zu5ewd2v6yRTDGssEYlqhlSj4BJrhhuBzVQhjUOBjXBwPckbD6g0T+SdGaYYxLQnecQZNda69TqFolfypiLL4M+hePnhXqTvX261U/hsdxOWxSgNE1Trlu+lJhhRZTgTOHbbmcaUsgHtYcuipDHqYDQddEyOrdMlUaLsk4ZM3d8dIxprPYxDWxlT09eL2cT8L2tlJjoPRlymmUHJZh9FmSAmIZOtSZcrZEYMLVCmuJ2VsD5VlBl7G9cewV9ceRnqpyW/XCoXK1cwUx4O4QhOwIczqMANVKEGDBAe4RlenHvnyXmdFeaceccB/JHz9gNl/I7W</latexit>

0

<latexit sha1_base64="fByw3AyAIMQjqNR2RvbDOEbyJXY=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXFQ3YtGNy4r2Au1QMmmmDc1kQpIRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzQsmZNp737eSWlldW1/Lr7sbm1vZOYXevrpNUEVojCU9UM8SaciZozTDDaVMqiuOQ00Y4uBrnjXuqNEvEnRlKGsS4J1jECDbWum1L1ikUvZI3EVoEfwbFiw/3XL59udVO4bPdTUgaU2EIx1q3fE+aIMPKMMLpyG2nmkpMBrhHWxYFjqkOssmoI3RknS6KEmWfMGji/u7IcKz1MA5tZYxNX89nY/O/rJWa6CzImJCpoYJMP4pSjkyCxnujLlOUGD60gIlidlZE+lhhYux1XHsEf37lRaiflPxyqXzjFSuXMFUeDuAQjsGHU6jANVShBgR68ABP8Oxw59F5cV6npTln1rMPf+S8/wCy1pEV</latexit>⇡

<latexit sha1_base64="pZzztexRcZhGh00Mkrh29nlpIgo=">AAAB63icbVC7TgMxENzjmYRXgJLGIkKiIbqjCJQRNJRBIg+RnCKf40us2HeW7UNEp/wCDQUP0VLzL3R8DfiSFJAw0kqjmV3t7gSSM21c98tZWl5ZXVvP5Qsbm1vbO8XdvYaOE0VoncQ8Vq0Aa8pZROuGGU5bUlEsAk6bwfAy85t3VGkWRzdmJKkvcD9iISPYZNJJR7JuseSW3QnQIvFmpFTNy5fbj/vvWrf42enFJBE0MoRjrdueK42fYmUY4XRc6CSaSkyGuE/blkZYUO2nk1vH6MgqPRTGylZk0ET9PZFiofVIBLZTYDPQ814m/ue1ExOe+ymLZGJoRKaLwoQjE6PscdRjihLDR5Zgopi9FZEBVpgYG0/BhuDNv7xIGqdlr1KuXNs0LmCKHBzAIRyDB2dQhSuoQR0IDOABnuDZEc6j8+q8TVuXnNnMPvyB8/4D3CWR3Q==</latexit>�⇡

<latexit sha1_base64="HggR/ecTROP7Q0wRooYvXD58nuM=">AAAB5HicbZC7SgNBFIbPxltcb9HWZjAIVmHXItqIQRvLCOYCyRJmJ2eTMbOzy8ysEEKewMZCsRV8GHsb8W2cXApN/GHg4//PYc45YSq4Np737eRWVtfWN/Kb7tb2zu5ewd2v6yRTDGssEYlqhlSj4BJrhhuBzVQhjUOBjXBwPckbD6g0T+SdGaYYxLQnecQZNda69TqFolfypiLL4M+hePnhXqTvX261U/hsdxOWxSgNE1Trlu+lJhhRZTgTOHbbmcaUsgHtYcuipDHqYDQddEyOrdMlUaLsk4ZM3d8dIxprPYxDWxlT09eL2cT8L2tlJjoPRlymmUHJZh9FmSAmIZOtSZcrZEYMLVCmuJ2VsD5VlBl7G9cewV9ceRnqpyW/XCoXK1cwUx4O4QhOwIczqMANVKEGDBAe4RlenHvnyXmdFeaceccB/JHz9gNl/I7W</latexit>

0

<latexit sha1_base64="ZQdZ2Ap/YwSW/ENyf9kgZCfjQMI=">AAAB9XicbVDJTgJBEO3BDXFDPXqZQEwwJmSGA3okevGIRpaEGUhPU0CHniXdNSqZ8BcevHjQGK/+izf+xmY5KPiSSl7eq0pVPS8SXKFlTYzU2vrG5lZ6O7Ozu7d/kD08qqswlgxqLBShbHpUgeAB1JCjgGYkgfqegIY3vJ76jQeQiofBPY4icH3aD3iPM4paajsIT5jcwbgQtUtnnWzeKlozmKvEXpB8JeecP08qo2on++10Qxb7ECATVKmWbUXoJlQiZwLGGSdWEFE2pH1oaRpQH5SbzK4em6da6Zq9UOoK0JypvycS6is18j3d6VMcqGVvKv7ntWLsXboJD6IYIWDzRb1YmBia0wjMLpfAUIw0oUxyfavJBlRShjqojA7BXn55ldRLRbtcLN/qNK7IHGlyQnKkQGxyQSrkhlRJjTAiyQt5I+/Go/FqfBif89aUsZg5Jn9gfP0AGliVPQ==</latexit>

Re(p2)

[GA, Litim, Reichert, ’26]

Healthy Källén-Lehmann flows

Generalised KL



<latexit sha1_base64="f+Kr84LtdY9FctJTYYaU2DeaIPU="></latexit>

ωgeneralisedk=!init
(ε)

<latexit sha1_base64="ymJklwd5sodZrXJs+l892kUfB8E="></latexit>

ωKL
k=!init

(ε)

<latexit sha1_base64="GJo45mZuin3zMx5HqMgfIPYLTgs="></latexit>

ωKL
k=0(ε) → ω(ε) <latexit sha1_base64="D3b/fgJD7as9U38v06ncxyj5MNA=">AAAB6nicdVDLSgMxFM34rPVVFdy4CRbB1ZDROtPuSt24bNE+oB1KJk3b0ExmSDJCGfoJblwo4tatf+EXuHPjt5i2Cip64MLhnHu5954g5kxphN6shcWl5ZXVzFp2fWNzazu3s9tQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjA6n/rNayoVi8SVHsfUD/FAsD4jWBvpstkddXN5ZKOC4xY8iOxT5HpnJUM8hIqlEnRsNEO+vF97Z8+Vl2o399rpRSQJqdCEY6XaDoq1n2KpGeF0ku0kisaYjPCAtg0VOKTKT2enTuCRUXqwH0lTQsOZ+n0ixaFS4zAwnSHWQ/Xbm4p/ee1E94t+ykScaCrIfFE/4VBHcPo37DFJieZjQzCRzNwKyRBLTLRJJ2tC+PoU/k8aJ7bj2m7NpFEBc2TAATgEx8ABHiiDC1AFdUDAANyAO3BvcevWerAe560L1ufMHvgB6+kDjeyRtg==</latexit>

Wk

<latexit sha1_base64="KgaLe+5/U4bL6dH2/JfR64rxJj8="></latexit>

@t⇢TT/0(�) = �2 Im

"
G2
TT/0

✓
@t�

(2)
TT/0 + @tRTT/0

◆����
Wick

#

Single mode of gauge field:  
Callan-Symanzik was enough

<latexit sha1_base64="9NV2uuc1uonouerAoivzHhd7yK4=">AAACAXicbVC7SgNBFJ2Nrxhfq4IINotBsAq7KaJliI1lInlBdl1mJ7PJkNkHM3fFsMTGX7GxiIitrV9gZ+O3OHkUmnhg4HDOvdw5x4s5k2CaX1pmZXVtfSO7mdva3tnd0/cPmjJKBKENEvFItD0sKWchbQADTtuxoDjwOG15g6uJ37qjQrIorMMwpk6AeyHzGcGgJFc/vnFTG+g9pPX6aGTHIoohMga3RVfPmwVzCmOZWHOSLx/Vvtm48lF19U+7G5EkoCEQjqXsWGYMTooFMMLpKGcnksaYDHCPdhQNcUClk04TjIwzpXQNPxLqhWBM1d8bKQ6kHAaemgww9OWiNxH/8zoJ+JdOysI4ARqS2SE/4YYKOanD6DJBCfChIpgIpv5qkD4WmIAqLadKsBYjL5NmsWCVCqWaaqOCZsiiE3SKzpGFLlAZXaMqaiCCHtATGqMX7VF71l61t9loRpvvHKI/0N5/AL3Vmsg=</latexit>

RTT → k2 <latexit sha1_base64="6tE8po0efWdziY8kGLPS+OoDLZI=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF9WNWHTjskJv0g4lk6ZtaJIZkjNiGfoUblwoIu58EfduxLcxvSy09YfAx/+fQ845YSy4Ac/7djJLyyura9l1d2Nza3snt7tXM1GiKavSSES6ERLDBFesChwEa8SaERkKVg8HV+O8fse04ZGqwDBmgSQ9xbucErDWbQvYPaSVyqidy3sFbyK8CP4M8hcf7nn89uWW27nPVieiiWQKqCDGNH0vhiAlGjgVbOS2EsNiQgekx5oWFZHMBOlk4BE+sk4HdyNtnwI8cX93pEQaM5ShrZQE+mY+G5v/Zc0EumdBylWcAFN0+lE3ERgiPN4ed7hmFMTQAqGa21kx7RNNKNgbufYI/vzKi1A7KfjFQvHGy5cu0VRZdIAO0THy0SkqoWtURlVEkUQP6Ak9O9p5dF6c12lpxpn17KM/ct5/AHq2k90=</latexit>

TT
<latexit sha1_base64="6tE8po0efWdziY8kGLPS+OoDLZI=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF9WNWHTjskJv0g4lk6ZtaJIZkjNiGfoUblwoIu58EfduxLcxvSy09YfAx/+fQ845YSy4Ac/7djJLyyura9l1d2Nza3snt7tXM1GiKavSSES6ERLDBFesChwEa8SaERkKVg8HV+O8fse04ZGqwDBmgSQ9xbucErDWbQvYPaSVyqidy3sFbyK8CP4M8hcf7nn89uWW27nPVieiiWQKqCDGNH0vhiAlGjgVbOS2EsNiQgekx5oWFZHMBOlk4BE+sk4HdyNtnwI8cX93pEQaM5ShrZQE+mY+G5v/Zc0EumdBylWcAFN0+lE3ERgiPN4ed7hmFMTQAqGa21kx7RNNKNgbufYI/vzKi1A7KfjFQvHGy5cu0VRZdIAO0THy0SkqoWtURlVEkUQP6Ak9O9p5dF6c12lpxpn17KM/ct5/AHq2k90=</latexit>

TT

[GA, Litim, Reichert, ’26]

Coupled modes of gauge field:  
Callan-Symanzik  
+ symmetry identities
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-π /2

0

π /2

π

0
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<latexit sha1_base64="vzAqmmUaWWVjPFaksVd0MZ1dfTc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXJkGICGEmh+gx6EVvEcwCmUno6fQkTXoWumvUYchfePDiQRGv/ou3/I2d5aCJDwoe71VRVc+NBFdgmhMjs7a+sbmV3c7t7O7tH+QPj5oqjCVlDRqKULZdopjgAWsAB8HakWTEdwVruaPrqd96YFLxMLiHJGKOTwYB9zgloKWuDewJ0lt/XIq6lbNevmiWzRnwKrEWpFgr2OfPk1pS7+W/7X5IY58FQAVRqmOZETgpkcCpYOOcHSsWEToiA9bRNCA+U046u3qMT7XSx14odQWAZ+rviZT4SiW+qzt9AkO17E3F/7xODN6lk/IgioEFdL7IiwWGEE8jwH0uGQWRaEKo5PpWTIdEEgo6qJwOwVp+eZU0K2WrWq7e6TSu0BxZdIIKqIQsdIFq6AbVUQNRJNELekPvxqPxanwYn/PWjLGYOUZ/YHz9ABjFlTw=</latexit> Im
(p

2
)

<latexit sha1_base64="kWGP4iyaLtDyW6b8A1CGAZzOh24=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sI5gLJEuYncwmY2ZnlplZYQl5BxsLRWwsfBR7G/FtnFwKTfxh4OP/z2HOOWHCmTae9+3klpZXVtfy6+7G5tb2TmF3r65lqgitEcmlaoZYU84ErRlmOG0miuI45LQRDq7GeeOeKs2kuDVZQoMY9wSLGMHGWvU2E5HJOoWiV/ImQovgz6B48eGeJ29fbrVT+Gx3JUljKgzhWOuW7yUmGGJlGOF05LZTTRNMBrhHWxYFjqkOhpNpR+jIOl0USWWfMGji/u4Y4ljrLA5tZYxNX89nY/O/rJWa6CwYMpGkhgoy/ShKOTISjVdHXaYoMTyzgIlidlZE+lhhYuyBXHsEf37lRaiflPxyqXzjFSuXMFUeDuAQjsGHU6jANVShBgTu4AGe4NmRzqPz4rxOS3POrGcf/sh5/wElV5KE</latexit>1

<latexit sha1_base64="HggR/ecTROP7Q0wRooYvXD58nuM=">AAAB5HicbZC7SgNBFIbPxltcb9HWZjAIVmHXItqIQRvLCOYCyRJmJ2eTMbOzy8ysEEKewMZCsRV8GHsb8W2cXApN/GHg4//PYc45YSq4Np737eRWVtfWN/Kb7tb2zu5ewd2v6yRTDGssEYlqhlSj4BJrhhuBzVQhjUOBjXBwPckbD6g0T+SdGaYYxLQnecQZNda69TqFolfypiLL4M+hePnhXqTvX261U/hsdxOWxSgNE1Trlu+lJhhRZTgTOHbbmcaUsgHtYcuipDHqYDQddEyOrdMlUaLsk4ZM3d8dIxprPYxDWxlT09eL2cT8L2tlJjoPRlymmUHJZh9FmSAmIZOtSZcrZEYMLVCmuJ2VsD5VlBl7G9cewV9ceRnqpyW/XCoXK1cwUx4O4QhOwIczqMANVKEGDBAe4RlenHvnyXmdFeaceccB/JHz9gNl/I7W</latexit>

0

<latexit sha1_base64="fByw3AyAIMQjqNR2RvbDOEbyJXY=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXFQ3YtGNy4r2Au1QMmmmDc1kQpIRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzQsmZNp737eSWlldW1/Lr7sbm1vZOYXevrpNUEVojCU9UM8SaciZozTDDaVMqiuOQ00Y4uBrnjXuqNEvEnRlKGsS4J1jECDbWum1L1ikUvZI3EVoEfwbFiw/3XL59udVO4bPdTUgaU2EIx1q3fE+aIMPKMMLpyG2nmkpMBrhHWxYFjqkOssmoI3RknS6KEmWfMGji/u7IcKz1MA5tZYxNX89nY/O/rJWa6CzImJCpoYJMP4pSjkyCxnujLlOUGD60gIlidlZE+lhhYux1XHsEf37lRaiflPxyqXzjFSuXMFUeDuAQjsGHU6jANVShBgR68ABP8Oxw59F5cV6npTln1rMPf+S8/wCy1pEV</latexit>⇡

<latexit sha1_base64="pZzztexRcZhGh00Mkrh29nlpIgo=">AAAB63icbVC7TgMxENzjmYRXgJLGIkKiIbqjCJQRNJRBIg+RnCKf40us2HeW7UNEp/wCDQUP0VLzL3R8DfiSFJAw0kqjmV3t7gSSM21c98tZWl5ZXVvP5Qsbm1vbO8XdvYaOE0VoncQ8Vq0Aa8pZROuGGU5bUlEsAk6bwfAy85t3VGkWRzdmJKkvcD9iISPYZNJJR7JuseSW3QnQIvFmpFTNy5fbj/vvWrf42enFJBE0MoRjrdueK42fYmUY4XRc6CSaSkyGuE/blkZYUO2nk1vH6MgqPRTGylZk0ET9PZFiofVIBLZTYDPQ814m/ue1ExOe+ymLZGJoRKaLwoQjE6PscdRjihLDR5Zgopi9FZEBVpgYG0/BhuDNv7xIGqdlr1KuXNs0LmCKHBzAIRyDB2dQhSuoQR0IDOABnuDZEc6j8+q8TVuXnNnMPvyB8/4D3CWR3Q==</latexit>�⇡

<latexit sha1_base64="HggR/ecTROP7Q0wRooYvXD58nuM=">AAAB5HicbZC7SgNBFIbPxltcb9HWZjAIVmHXItqIQRvLCOYCyRJmJ2eTMbOzy8ysEEKewMZCsRV8GHsb8W2cXApN/GHg4//PYc45YSq4Np737eRWVtfWN/Kb7tb2zu5ewd2v6yRTDGssEYlqhlSj4BJrhhuBzVQhjUOBjXBwPckbD6g0T+SdGaYYxLQnecQZNda69TqFolfypiLL4M+hePnhXqTvX261U/hsdxOWxSgNE1Trlu+lJhhRZTgTOHbbmcaUsgHtYcuipDHqYDQddEyOrdMlUaLsk4ZM3d8dIxprPYxDWxlT09eL2cT8L2tlJjoPRlymmUHJZh9FmSAmIZOtSZcrZEYMLVCmuJ2VsD5VlBl7G9cewV9ceRnqpyW/XCoXK1cwUx4O4QhOwIczqMANVKEGDBAe4RlenHvnyXmdFeaceccB/JHz9gNl/I7W</latexit>

0

<latexit sha1_base64="ZQdZ2Ap/YwSW/ENyf9kgZCfjQMI=">AAAB9XicbVDJTgJBEO3BDXFDPXqZQEwwJmSGA3okevGIRpaEGUhPU0CHniXdNSqZ8BcevHjQGK/+izf+xmY5KPiSSl7eq0pVPS8SXKFlTYzU2vrG5lZ6O7Ozu7d/kD08qqswlgxqLBShbHpUgeAB1JCjgGYkgfqegIY3vJ76jQeQiofBPY4icH3aD3iPM4paajsIT5jcwbgQtUtnnWzeKlozmKvEXpB8JeecP08qo2on++10Qxb7ECATVKmWbUXoJlQiZwLGGSdWEFE2pH1oaRpQH5SbzK4em6da6Zq9UOoK0JypvycS6is18j3d6VMcqGVvKv7ntWLsXboJD6IYIWDzRb1YmBia0wjMLpfAUIw0oUxyfavJBlRShjqojA7BXn55ldRLRbtcLN/qNK7IHGlyQnKkQGxyQSrkhlRJjTAiyQt5I+/Go/FqfBif89aUsZg5Jn9gfP0AGliVPQ==</latexit>

Re(p2)

Project on healthy hypersurface  
by appropriate choice of finite 

parts in diagrams 

<latexit sha1_base64="SAjrW2aKVUM/DvPfzpAWZcS0+CI=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdi1iJYhNpYJmgckS5idTJIhs7PLzF0hLPkEGwtFbG39C7/AzsZvcfIoNPHAhcM593LvPUEshUHX/XJWVtfWNzYzW9ntnd29/dzBYd1EiWa8xiIZ6WZADZdC8RoKlLwZa07DQPJGMLye+I17ro2I1B2OYu6HtK9ETzCKVrptdIadXN4tuFOQZeLNSb50XP0W7+WPSif32e5GLAm5QiapMS3PjdFPqUbBJB9n24nhMWVD2uctSxUNufHT6aljcmaVLulF2pZCMlV/T6Q0NGYUBrYzpDgwi95E/M9rJdi78lOh4gS5YrNFvUQSjMjkb9IVmjOUI0so08LeStiAasrQppO1IXiLLy+T+kXBKxaKVZtGGWbIwAmcwjl4cAkluIEK1IBBHx7gCZ4d6Tw6L87rrHXFmc8cwR84bz8TjJFh</latexit>

Wk

Healthy Källén-Lehmann flows

<latexit sha1_base64="56rBL/eUXDlazVZw/flC4yE1/+A=">AAACAXicbVDJSgNBEO1xjXGLehEUaQyCpzDjIXoRgl48JpANkhB6OpWkSc9Cd40YhngR/8SLB0U8BfwLb36DP2FnOWjig6Ie71XRXc8NpdBo21/WwuLS8spqYi25vrG5tZ3a2S3rIFIcSjyQgaq6TIMUPpRQoIRqqIB5roSK27se+ZVbUFoEfhH7ITQ81vFFW3CGRmqm9uuArGlf0nGP6wh3GBeLg0EzlbYz9hh0njhTks4dDgvfj0fDfDP1WW8FPPLARy6Z1jXHDrERM4WCSxgk65GGkPEe60DNUJ95oBvx+IIBPTFKi7YDZcpHOlZ/b8TM07rvuWbSY9jVs95I/M+rRdi+aMTCDyMEn08eakeSYkBHcdCWUMBR9g1hXAnzV8q7TDGOJrSkCcGZPXmelM8yTjaTLZg0rsgECXJAjskpccg5yZEbkiclwsk9eSIv5NV6sJ6tN+t9MrpgTXf2yB9YHz89e5p9</latexit>⌘0 = ⌘TT

<latexit sha1_base64="PRd24X3kFaWVmx9ZA4/PYOC89Vc=">AAAB+3icbVC7SgNBFJ31GeNrjWBjMxgEq7BrEW2EEBvLBPKCJCyzk0kyZGZ3mbkrCcv+io2FIlr6B36BnY3f4uRRaOKBC4dz7uXee/xIcA2O82WtrW9sbm1ndrK7e/sHh/ZRrqHDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH91O/eY9U5qHQQ0mEetKMgh4n1MCRvLsnPScGyy9pANsDEmtlqaenXcKzgx4lbgLki+dVL/5W/mj4tmfnV5IY8kCoIJo3XadCLoJUcCpYGm2E2sWEToiA9Y2NCCS6W4yuz3F50bp4X6oTAWAZ+rviYRIrSfSN52SwFAve1PxP68dQ/+6m/AgioEFdL6oHwsMIZ4GgXtcMQpiYgihiptbMR0SRSiYuLImBHf55VXSuCy4xUKxatIoozky6BSdoQvkoitUQneoguqIojF6QE/o2UqtR+vFep23rlmLmWP0B9b7D53Gl+U=</latexit>m0 = mTTHealthy KL 



Preserving symmetry

p = 0 renormalisation

<latexit sha1_base64="ri3HM1J4RV+zM+6HCL0BLp2a+zA="></latexit>

@t�
(2)
TT/0(p

2 = 0) = aTT/0

@t@p2�(2)
TT/0(p

2)

����
p2=0

= bTT/0

[Fehre, Litim, Pawlowski, Reichert ’21]Generalise
<latexit sha1_base64="CmwpWHJ5X3Lu51R1LYfYw9gn2k0="></latexit>

Fix b0 =) ⌘TT = ⌘0

<latexit sha1_base64="Dp+WA5BiHACZ7T+imjNkz6UHq9s=">AAACFXicbVA9SwNBEN3z2/gVFWxsFoNgIeHOQgURREEsE8gX5MKxt5no4u7dsTsnhuP+hI2/wt7GQhFbwc7G3+ImsfDrwcDjvRlm5oWJFAZd990ZG5+YnJqemS3MzS8sLhWXVxomTjWHOo9lrFshMyBFBHUUKKGVaGAqlNAML08GfvMKtBFxVMN+Ah3FziPRE5yhlYLito9wjdmpuM6pf0BZ4FJfKLsZDFVBNnJrtTw/VIEbFEtu2R2C/iXeFykdrVU/xN3xcyUovvndmKcKIuSSGdP23AQ7GdMouIS84KcGEsYv2Tm0LY2YAtPJhl/ldNMqXdqLta0I6VD9PpExZUxfhbZTMbwwv72B+J/XTrG338lElKQIER8t6qWSYkwHEdGu0MBR9i1hXAt7K+UXTDOONsiCDcH7/fJf0tgpe7vl3apN45iMMEPWyQbZIh7ZI0fkjFRInXByQ+7JI3lybp0H59l5GbWOOV8zq+QHnNdP5Y2iXw==</latexit>

Fix a0 =) mTT = m0

Standard KL

Generalised KL Standard KL 

<latexit sha1_base64="PRd24X3kFaWVmx9ZA4/PYOC89Vc=">AAAB+3icbVC7SgNBFJ31GeNrjWBjMxgEq7BrEW2EEBvLBPKCJCyzk0kyZGZ3mbkrCcv+io2FIlr6B36BnY3f4uRRaOKBC4dz7uXee/xIcA2O82WtrW9sbm1ndrK7e/sHh/ZRrqHDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH91O/eY9U5qHQQ0mEetKMgh4n1MCRvLsnPScGyy9pANsDEmtlqaenXcKzgx4lbgLki+dVL/5W/mj4tmfnV5IY8kCoIJo3XadCLoJUcCpYGm2E2sWEToiA9Y2NCCS6W4yuz3F50bp4X6oTAWAZ+rviYRIrSfSN52SwFAve1PxP68dQ/+6m/AgioEFdL6oHwsMIZ4GgXtcMQpiYgihiptbMR0SRSiYuLImBHf55VXSuCy4xUKxatIoozky6BSdoQvkoitUQneoguqIojF6QE/o2UqtR+vFep23rlmLmWP0B9b7D53Gl+U=</latexit>m0 = mTT
<latexit sha1_base64="gRXa/xrQfEM34ks3KJ9BOKF+MqA=">AAACBHicbZC7SgNBFIZnvcZ4W7VUZDAIVmHXIloGbSwTSFTIhjA7OUmGzM6uM2fFsKSw0FexsVBEsPIh7HwGX8JJYuHth4GP/5zDmfOHiRQGPe/dmZqemZ2bzy3kF5eWV1bdtfVTE6eaQ53HMtbnITMghYI6CpRwnmhgUSjhLOwfj+pnl6CNiFUNBwk0I9ZVoiM4Q2u13M0AkLW8QMEFHWMWIFxhVqsNhy234BW9sehf8L+gUN56qX7cbL9UWu5b0I55GoFCLpkxDd9LsJkxjYJLGOaD1EDCeJ91oWFRsQhMMxsfMaS71mnTTqztU0jH7veJjEXGDKLQdkYMe+Z3bWT+V2uk2DlsZkIlKYLik0WdVFKM6SgR2hYaOMqBBca1sH+lvMc042hzy9sQ/N8n/4XT/aJfKpaqNo0jMlGObJIdskd8ckDK5IRUSJ1wck3uyAN5dG6de+fJeZ60TjlfMxvkh5zXT+eVm/4=</latexit>

⌘0 6= ⌘TT
<latexit sha1_base64="56rBL/eUXDlazVZw/flC4yE1/+A=">AAACAXicbVDJSgNBEO1xjXGLehEUaQyCpzDjIXoRgl48JpANkhB6OpWkSc9Cd40YhngR/8SLB0U8BfwLb36DP2FnOWjig6Ie71XRXc8NpdBo21/WwuLS8spqYi25vrG5tZ3a2S3rIFIcSjyQgaq6TIMUPpRQoIRqqIB5roSK27se+ZVbUFoEfhH7ITQ81vFFW3CGRmqm9uuArGlf0nGP6wh3GBeLg0EzlbYz9hh0njhTks4dDgvfj0fDfDP1WW8FPPLARy6Z1jXHDrERM4WCSxgk65GGkPEe60DNUJ95oBvx+IIBPTFKi7YDZcpHOlZ/b8TM07rvuWbSY9jVs95I/M+rRdi+aMTCDyMEn08eakeSYkBHcdCWUMBR9g1hXAnzV8q7TDGOJrSkCcGZPXmelM8yTjaTLZg0rsgECXJAjskpccg5yZEbkiclwsk9eSIv5NV6sJ6tN+t9MrpgTXf2yB9YHz89e5p9</latexit>⌘0 = ⌘TT

<latexit sha1_base64="PRd24X3kFaWVmx9ZA4/PYOC89Vc=">AAAB+3icbVC7SgNBFJ31GeNrjWBjMxgEq7BrEW2EEBvLBPKCJCyzk0kyZGZ3mbkrCcv+io2FIlr6B36BnY3f4uRRaOKBC4dz7uXee/xIcA2O82WtrW9sbm1ndrK7e/sHh/ZRrqHDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH91O/eY9U5qHQQ0mEetKMgh4n1MCRvLsnPScGyy9pANsDEmtlqaenXcKzgx4lbgLki+dVL/5W/mj4tmfnV5IY8kCoIJo3XadCLoJUcCpYGm2E2sWEToiA9Y2NCCS6W4yuz3F50bp4X6oTAWAZ+rviYRIrSfSN52SwFAve1PxP68dQ/+6m/AgioEFdL6oHwsMIZ4GgXtcMQpiYgihiptbMR0SRSiYuLImBHf55VXSuCy4xUKxatIoozky6BSdoQvkoitUQneoguqIojF6QE/o2UqtR+vFep23rlmLmWP0B9b7D53Gl+U=</latexit>m0 = mTT
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p = 0 renormalisation

<latexit sha1_base64="ri3HM1J4RV+zM+6HCL0BLp2a+zA="></latexit>

@t�
(2)
TT/0(p

2 = 0) = aTT/0

@t@p2�(2)
TT/0(p

2)

����
p2=0

= bTT/0

[Fehre, Litim, Pawlowski, Reichert ’21]Generalise
<latexit sha1_base64="CmwpWHJ5X3Lu51R1LYfYw9gn2k0="></latexit>

Fix b0 =) ⌘TT = ⌘0

<latexit sha1_base64="Dp+WA5BiHACZ7T+imjNkz6UHq9s=">AAACFXicbVA9SwNBEN3z2/gVFWxsFoNgIeHOQgURREEsE8gX5MKxt5no4u7dsTsnhuP+hI2/wt7GQhFbwc7G3+ImsfDrwcDjvRlm5oWJFAZd990ZG5+YnJqemS3MzS8sLhWXVxomTjWHOo9lrFshMyBFBHUUKKGVaGAqlNAML08GfvMKtBFxVMN+Ah3FziPRE5yhlYLito9wjdmpuM6pf0BZ4FJfKLsZDFVBNnJrtTw/VIEbFEtu2R2C/iXeFykdrVU/xN3xcyUovvndmKcKIuSSGdP23AQ7GdMouIS84KcGEsYv2Tm0LY2YAtPJhl/ldNMqXdqLta0I6VD9PpExZUxfhbZTMbwwv72B+J/XTrG338lElKQIER8t6qWSYkwHEdGu0MBR9i1hXAt7K+UXTDOONsiCDcH7/fJf0tgpe7vl3apN45iMMEPWyQbZIh7ZI0fkjFRInXByQ+7JI3lybp0H59l5GbWOOV8zq+QHnNdP5Y2iXw==</latexit>

Fix a0 =) mTT = m0

<latexit sha1_base64="w+ULgcwPIXGXJEE9zFu9//UKsho="></latexit>

Only fix a0 =) mTT = m0

Generalised KL

Standard KL

Generalised KL Standard KL 

<latexit sha1_base64="PRd24X3kFaWVmx9ZA4/PYOC89Vc=">AAAB+3icbVC7SgNBFJ31GeNrjWBjMxgEq7BrEW2EEBvLBPKCJCyzk0kyZGZ3mbkrCcv+io2FIlr6B36BnY3f4uRRaOKBC4dz7uXee/xIcA2O82WtrW9sbm1ndrK7e/sHh/ZRrqHDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH91O/eY9U5qHQQ0mEetKMgh4n1MCRvLsnPScGyy9pANsDEmtlqaenXcKzgx4lbgLki+dVL/5W/mj4tmfnV5IY8kCoIJo3XadCLoJUcCpYGm2E2sWEToiA9Y2NCCS6W4yuz3F50bp4X6oTAWAZ+rviYRIrSfSN52SwFAve1PxP68dQ/+6m/AgioEFdL6oHwsMIZ4GgXtcMQpiYgihiptbMR0SRSiYuLImBHf55VXSuCy4xUKxatIoozky6BSdoQvkoitUQneoguqIojF6QE/o2UqtR+vFep23rlmLmWP0B9b7D53Gl+U=</latexit>m0 = mTT
<latexit sha1_base64="gRXa/xrQfEM34ks3KJ9BOKF+MqA=">AAACBHicbZC7SgNBFIZnvcZ4W7VUZDAIVmHXIloGbSwTSFTIhjA7OUmGzM6uM2fFsKSw0FexsVBEsPIh7HwGX8JJYuHth4GP/5zDmfOHiRQGPe/dmZqemZ2bzy3kF5eWV1bdtfVTE6eaQ53HMtbnITMghYI6CpRwnmhgUSjhLOwfj+pnl6CNiFUNBwk0I9ZVoiM4Q2u13M0AkLW8QMEFHWMWIFxhVqsNhy234BW9sehf8L+gUN56qX7cbL9UWu5b0I55GoFCLpkxDd9LsJkxjYJLGOaD1EDCeJ91oWFRsQhMMxsfMaS71mnTTqztU0jH7veJjEXGDKLQdkYMe+Z3bWT+V2uk2DlsZkIlKYLik0WdVFKM6SgR2hYaOMqBBca1sH+lvMc042hzy9sQ/N8n/4XT/aJfKpaqNo0jMlGObJIdskd8ckDK5IRUSJ1wck3uyAN5dG6de+fJeZ60TjlfMxvkh5zXT+eVm/4=</latexit>

⌘0 6= ⌘TT
<latexit sha1_base64="56rBL/eUXDlazVZw/flC4yE1/+A=">AAACAXicbVDJSgNBEO1xjXGLehEUaQyCpzDjIXoRgl48JpANkhB6OpWkSc9Cd40YhngR/8SLB0U8BfwLb36DP2FnOWjig6Ie71XRXc8NpdBo21/WwuLS8spqYi25vrG5tZ3a2S3rIFIcSjyQgaq6TIMUPpRQoIRqqIB5roSK27se+ZVbUFoEfhH7ITQ81vFFW3CGRmqm9uuArGlf0nGP6wh3GBeLg0EzlbYz9hh0njhTks4dDgvfj0fDfDP1WW8FPPLARy6Z1jXHDrERM4WCSxgk65GGkPEe60DNUJ95oBvx+IIBPTFKi7YDZcpHOlZ/b8TM07rvuWbSY9jVs95I/M+rRdi+aMTCDyMEn08eakeSYkBHcdCWUMBR9g1hXAnzV8q7TDGOJrSkCcGZPXmelM8yTjaTLZg0rsgECXJAjskpccg5yZEbkiclwsk9eSIv5NV6sJ6tN+t9MrpgTXf2yB9YHz89e5p9</latexit>⌘0 = ⌘TT

<latexit sha1_base64="PRd24X3kFaWVmx9ZA4/PYOC89Vc=">AAAB+3icbVC7SgNBFJ31GeNrjWBjMxgEq7BrEW2EEBvLBPKCJCyzk0kyZGZ3mbkrCcv+io2FIlr6B36BnY3f4uRRaOKBC4dz7uXee/xIcA2O82WtrW9sbm1ndrK7e/sHh/ZRrqHDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH91O/eY9U5qHQQ0mEetKMgh4n1MCRvLsnPScGyy9pANsDEmtlqaenXcKzgx4lbgLki+dVL/5W/mj4tmfnV5IY8kCoIJo3XadCLoJUcCpYGm2E2sWEToiA9Y2NCCS6W4yuz3F50bp4X6oTAWAZ+rviYRIrSfSN52SwFAve1PxP68dQ/+6m/AgioEFdL6oHwsMIZ4GgXtcMQpiYgihiptbMR0SRSiYuLImBHf55VXSuCy4xUKxatIoozky6BSdoQvkoitUQneoguqIojF6QE/o2UqtR+vFep23rlmLmWP0B9b7D53Gl+U=</latexit>m0 = mTT
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Preserving symmetry



p = 0 renormalisation

On-shell renormalisation

<latexit sha1_base64="ri3HM1J4RV+zM+6HCL0BLp2a+zA="></latexit>

@t�
(2)
TT/0(p

2 = 0) = aTT/0

@t@p2�(2)
TT/0(p

2)

����
p2=0

= bTT/0

[Fehre, Litim, Pawlowski, Reichert ’21]Generalise

Renormalise on the graviton 
mass pole

<latexit sha1_base64="Bj4Fe+v3TF6Ag90GOMoElKnRJXU="></latexit>

@t�
(2)
TT/0(p

2 = �m2
TT/0) = 0

@t@p2�(2)
TT/0(p

2)

����
p2=�m2

TT/0

= 0

<latexit sha1_base64="CmwpWHJ5X3Lu51R1LYfYw9gn2k0="></latexit>

Fix b0 =) ⌘TT = ⌘0

<latexit sha1_base64="Dp+WA5BiHACZ7T+imjNkz6UHq9s=">AAACFXicbVA9SwNBEN3z2/gVFWxsFoNgIeHOQgURREEsE8gX5MKxt5no4u7dsTsnhuP+hI2/wt7GQhFbwc7G3+ImsfDrwcDjvRlm5oWJFAZd990ZG5+YnJqemS3MzS8sLhWXVxomTjWHOo9lrFshMyBFBHUUKKGVaGAqlNAML08GfvMKtBFxVMN+Ah3FziPRE5yhlYLito9wjdmpuM6pf0BZ4FJfKLsZDFVBNnJrtTw/VIEbFEtu2R2C/iXeFykdrVU/xN3xcyUovvndmKcKIuSSGdP23AQ7GdMouIS84KcGEsYv2Tm0LY2YAtPJhl/ldNMqXdqLta0I6VD9PpExZUxfhbZTMbwwv72B+J/XTrG338lElKQIER8t6qWSYkwHEdGu0MBR9i1hXAt7K+UXTDOONsiCDcH7/fJf0tgpe7vl3apN45iMMEPWyQbZIh7ZI0fkjFRInXByQ+7JI3lybp0H59l5GbWOOV8zq+QHnNdP5Y2iXw==</latexit>

Fix a0 =) mTT = m0

<latexit sha1_base64="w+ULgcwPIXGXJEE9zFu9//UKsho="></latexit>

Only fix a0 =) mTT = m0

Generalised KL

Standard KL

Generalised KL Standard KL 

<latexit sha1_base64="PRd24X3kFaWVmx9ZA4/PYOC89Vc=">AAAB+3icbVC7SgNBFJ31GeNrjWBjMxgEq7BrEW2EEBvLBPKCJCyzk0kyZGZ3mbkrCcv+io2FIlr6B36BnY3f4uRRaOKBC4dz7uXee/xIcA2O82WtrW9sbm1ndrK7e/sHh/ZRrqHDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH91O/eY9U5qHQQ0mEetKMgh4n1MCRvLsnPScGyy9pANsDEmtlqaenXcKzgx4lbgLki+dVL/5W/mj4tmfnV5IY8kCoIJo3XadCLoJUcCpYGm2E2sWEToiA9Y2NCCS6W4yuz3F50bp4X6oTAWAZ+rviYRIrSfSN52SwFAve1PxP68dQ/+6m/AgioEFdL6oHwsMIZ4GgXtcMQpiYgihiptbMR0SRSiYuLImBHf55VXSuCy4xUKxatIoozky6BSdoQvkoitUQneoguqIojF6QE/o2UqtR+vFep23rlmLmWP0B9b7D53Gl+U=</latexit>m0 = mTT
<latexit sha1_base64="gRXa/xrQfEM34ks3KJ9BOKF+MqA=">AAACBHicbZC7SgNBFIZnvcZ4W7VUZDAIVmHXIloGbSwTSFTIhjA7OUmGzM6uM2fFsKSw0FexsVBEsPIh7HwGX8JJYuHth4GP/5zDmfOHiRQGPe/dmZqemZ2bzy3kF5eWV1bdtfVTE6eaQ53HMtbnITMghYI6CpRwnmhgUSjhLOwfj+pnl6CNiFUNBwk0I9ZVoiM4Q2u13M0AkLW8QMEFHWMWIFxhVqsNhy234BW9sehf8L+gUN56qX7cbL9UWu5b0I55GoFCLpkxDd9LsJkxjYJLGOaD1EDCeJ91oWFRsQhMMxsfMaS71mnTTqztU0jH7veJjEXGDKLQdkYMe+Z3bWT+V2uk2DlsZkIlKYLik0WdVFKM6SgR2hYaOMqBBca1sH+lvMc042hzy9sQ/N8n/4XT/aJfKpaqNo0jMlGObJIdskd8ckDK5IRUSJ1wck3uyAN5dG6de+fJeZ60TjlfMxvkh5zXT+eVm/4=</latexit>

⌘0 6= ⌘TT
<latexit sha1_base64="56rBL/eUXDlazVZw/flC4yE1/+A=">AAACAXicbVDJSgNBEO1xjXGLehEUaQyCpzDjIXoRgl48JpANkhB6OpWkSc9Cd40YhngR/8SLB0U8BfwLb36DP2FnOWjig6Ie71XRXc8NpdBo21/WwuLS8spqYi25vrG5tZ3a2S3rIFIcSjyQgaq6TIMUPpRQoIRqqIB5roSK27se+ZVbUFoEfhH7ITQ81vFFW3CGRmqm9uuArGlf0nGP6wh3GBeLg0EzlbYz9hh0njhTks4dDgvfj0fDfDP1WW8FPPLARy6Z1jXHDrERM4WCSxgk65GGkPEe60DNUJ95oBvx+IIBPTFKi7YDZcpHOlZ/b8TM07rvuWbSY9jVs95I/M+rRdi+aMTCDyMEn08eakeSYkBHcdCWUMBR9g1hXAnzV8q7TDGOJrSkCcGZPXmelM8yTjaTLZg0rsgECXJAjskpccg5yZEbkiclwsk9eSIv5NV6sJ6tN+t9MrpgTXf2yB9YHz89e5p9</latexit>⌘0 = ⌘TT

<latexit sha1_base64="PRd24X3kFaWVmx9ZA4/PYOC89Vc=">AAAB+3icbVC7SgNBFJ31GeNrjWBjMxgEq7BrEW2EEBvLBPKCJCyzk0kyZGZ3mbkrCcv+io2FIlr6B36BnY3f4uRRaOKBC4dz7uXee/xIcA2O82WtrW9sbm1ndrK7e/sHh/ZRrqHDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH91O/eY9U5qHQQ0mEetKMgh4n1MCRvLsnPScGyy9pANsDEmtlqaenXcKzgx4lbgLki+dVL/5W/mj4tmfnV5IY8kCoIJo3XadCLoJUcCpYGm2E2sWEToiA9Y2NCCS6W4yuz3F50bp4X6oTAWAZ+rviYRIrSfSN52SwFAve1PxP68dQ/+6m/AgioEFdL6oHwsMIZ4GgXtcMQpiYgihiptbMR0SRSiYuLImBHf55VXSuCy4xUKxatIoozky6BSdoQvkoitUQneoguqIojF6QE/o2UqtR+vFep23rlmLmWP0B9b7D53Gl+U=</latexit>m0 = mTT
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Preserving symmetry



p = 0 renormalisation

<latexit sha1_base64="ri3HM1J4RV+zM+6HCL0BLp2a+zA="></latexit>

@t�
(2)
TT/0(p

2 = 0) = aTT/0

@t@p2�(2)
TT/0(p

2)

����
p2=0

= bTT/0

[Fehre, Litim, Pawlowski, Reichert ’21]Generalise

Renormalise on the graviton 
mass pole

<latexit sha1_base64="Bj4Fe+v3TF6Ag90GOMoElKnRJXU="></latexit>

@t�
(2)
TT/0(p

2 = �m2
TT/0) = 0

@t@p2�(2)
TT/0(p

2)

����
p2=�m2

TT/0

= 0

<latexit sha1_base64="CmwpWHJ5X3Lu51R1LYfYw9gn2k0="></latexit>

Fix b0 =) ⌘TT = ⌘0

<latexit sha1_base64="Dp+WA5BiHACZ7T+imjNkz6UHq9s=">AAACFXicbVA9SwNBEN3z2/gVFWxsFoNgIeHOQgURREEsE8gX5MKxt5no4u7dsTsnhuP+hI2/wt7GQhFbwc7G3+ImsfDrwcDjvRlm5oWJFAZd990ZG5+YnJqemS3MzS8sLhWXVxomTjWHOo9lrFshMyBFBHUUKKGVaGAqlNAML08GfvMKtBFxVMN+Ah3FziPRE5yhlYLito9wjdmpuM6pf0BZ4FJfKLsZDFVBNnJrtTw/VIEbFEtu2R2C/iXeFykdrVU/xN3xcyUovvndmKcKIuSSGdP23AQ7GdMouIS84KcGEsYv2Tm0LY2YAtPJhl/ldNMqXdqLta0I6VD9PpExZUxfhbZTMbwwv72B+J/XTrG338lElKQIER8t6qWSYkwHEdGu0MBR9i1hXAt7K+UXTDOONsiCDcH7/fJf0tgpe7vl3apN45iMMEPWyQbZIh7ZI0fkjFRInXByQ+7JI3lybp0H59l5GbWOOV8zq+QHnNdP5Y2iXw==</latexit>

Fix a0 =) mTT = m0

<latexit sha1_base64="w+ULgcwPIXGXJEE9zFu9//UKsho="></latexit>

Only fix a0 =) mTT = m0

Generalised KL

Standard KL

Standard KL

Naturally sets
<latexit sha1_base64="rQrQDCRYwwrbbCS5eUE+ohEktUI=">AAAB/XicbVC7SgNBFJ31GeNrfWBjMxgEq7BrEW0CITaWCeQFSVhmJ5NkyMzuMnNXjEvwV2wsFLX1B/wCOxu/xcmj0MQDFw7n3Mu99/iR4Boc58taWl5ZXVtPbaQ3t7Z3du29/ZoOY0VZlYYiVA2faCZ4wKrAQbBGpBiRvmB1f3A19us3TGkeBhUYRqwtSS/gXU4JGMmzD7H0khawW0gqldEoLz0nP/DsjJN1JsCLxJ2RTOGo/M1fix8lz/5sdUIaSxYAFUTrputE0E6IAk4FG6VbsWYRoQPSY01DAyKZbieT60f41Cgd3A2VqQDwRP09kRCp9VD6plMS6Ot5byz+5zVj6F62Ex5EMbCAThd1Y4EhxOMocIcrRkEMDSFUcXMrpn2iCAUTWNqE4M6/vEhq51k3l82VTRpFNEUKHaMTdIZcdIEK6BqVUBVRdIce0BN6tu6tR+vFepu2LlmzmQP0B9b7D/nrmKE=</latexit>

mTT = m0 = k
<latexit sha1_base64="sO+QOgcTSLv7aae7vYbiYwMFVqY=">AAACA3icbVA9SwNBEN2LXzF+ndqpyGIQrMKdRbQRRBvLCIkKSTj2NnPJkr0PdufEcARs8ldsLBSxSOOfsPM3+CfcJBYafTDweG+GmXl+IoVGx/mwcjOzc/ML+cXC0vLK6pq9vnGl41RxqPFYxurGZxqkiKCGAiXcJApY6Eu49rvnI//6FpQWcVTFXgLNkLUjEQjO0EievUUbgMzLGgh3mFWr/f7JWHBOHM8uOiVnDPqXuN+keLozvPwc7A4rnv3eaMU8DSFCLpnWdddJsJkxhYJL6BcaqYaE8S5rQ93QiIWgm9n4hz7dN0qLBrEyFSEdqz8nMhZq3Qt90xky7OhpbyT+59VTDI6bmYiSFCHik0VBKinGdBQIbQkFHGXPEMaVMLdS3mGKcTSxFUwI7vTLf8nVYcktl8qXJo0zMkGebJM9ckBcckROyQWpkBrh5J48kCfybA2sR+vFep205qzvmU3yC9bbF0Yomv4=</latexit>

⌘TT = ⌘0 = 0
Simplifies  

computations

On-shell renormalisation

Generalised KL Standard KL 

<latexit sha1_base64="PRd24X3kFaWVmx9ZA4/PYOC89Vc=">AAAB+3icbVC7SgNBFJ31GeNrjWBjMxgEq7BrEW2EEBvLBPKCJCyzk0kyZGZ3mbkrCcv+io2FIlr6B36BnY3f4uRRaOKBC4dz7uXee/xIcA2O82WtrW9sbm1ndrK7e/sHh/ZRrqHDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH91O/eY9U5qHQQ0mEetKMgh4n1MCRvLsnPScGyy9pANsDEmtlqaenXcKzgx4lbgLki+dVL/5W/mj4tmfnV5IY8kCoIJo3XadCLoJUcCpYGm2E2sWEToiA9Y2NCCS6W4yuz3F50bp4X6oTAWAZ+rviYRIrSfSN52SwFAve1PxP68dQ/+6m/AgioEFdL6oHwsMIZ4GgXtcMQpiYgihiptbMR0SRSiYuLImBHf55VXSuCy4xUKxatIoozky6BSdoQvkoitUQneoguqIojF6QE/o2UqtR+vFep23rlmLmWP0B9b7D53Gl+U=</latexit>m0 = mTT
<latexit sha1_base64="gRXa/xrQfEM34ks3KJ9BOKF+MqA=">AAACBHicbZC7SgNBFIZnvcZ4W7VUZDAIVmHXIloGbSwTSFTIhjA7OUmGzM6uM2fFsKSw0FexsVBEsPIh7HwGX8JJYuHth4GP/5zDmfOHiRQGPe/dmZqemZ2bzy3kF5eWV1bdtfVTE6eaQ53HMtbnITMghYI6CpRwnmhgUSjhLOwfj+pnl6CNiFUNBwk0I9ZVoiM4Q2u13M0AkLW8QMEFHWMWIFxhVqsNhy234BW9sehf8L+gUN56qX7cbL9UWu5b0I55GoFCLpkxDd9LsJkxjYJLGOaD1EDCeJ91oWFRsQhMMxsfMaS71mnTTqztU0jH7veJjEXGDKLQdkYMe+Z3bWT+V2uk2DlsZkIlKYLik0WdVFKM6SgR2hYaOMqBBca1sH+lvMc042hzy9sQ/N8n/4XT/aJfKpaqNo0jMlGObJIdskd8ckDK5IRUSJ1wck3uyAN5dG6de+fJeZ60TjlfMxvkh5zXT+eVm/4=</latexit>

⌘0 6= ⌘TT
<latexit sha1_base64="56rBL/eUXDlazVZw/flC4yE1/+A=">AAACAXicbVDJSgNBEO1xjXGLehEUaQyCpzDjIXoRgl48JpANkhB6OpWkSc9Cd40YhngR/8SLB0U8BfwLb36DP2FnOWjig6Ie71XRXc8NpdBo21/WwuLS8spqYi25vrG5tZ3a2S3rIFIcSjyQgaq6TIMUPpRQoIRqqIB5roSK27se+ZVbUFoEfhH7ITQ81vFFW3CGRmqm9uuArGlf0nGP6wh3GBeLg0EzlbYz9hh0njhTks4dDgvfj0fDfDP1WW8FPPLARy6Z1jXHDrERM4WCSxgk65GGkPEe60DNUJ95oBvx+IIBPTFKi7YDZcpHOlZ/b8TM07rvuWbSY9jVs95I/M+rRdi+aMTCDyMEn08eakeSYkBHcdCWUMBR9g1hXAnzV8q7TDGOJrSkCcGZPXmelM8yTjaTLZg0rsgECXJAjskpccg5yZEbkiclwsk9eSIv5NV6sJ6tN+t9MrpgTXf2yB9YHz89e5p9</latexit>⌘0 = ⌘TT

<latexit sha1_base64="PRd24X3kFaWVmx9ZA4/PYOC89Vc=">AAAB+3icbVC7SgNBFJ31GeNrjWBjMxgEq7BrEW2EEBvLBPKCJCyzk0kyZGZ3mbkrCcv+io2FIlr6B36BnY3f4uRRaOKBC4dz7uXee/xIcA2O82WtrW9sbm1ndrK7e/sHh/ZRrqHDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH91O/eY9U5qHQQ0mEetKMgh4n1MCRvLsnPScGyy9pANsDEmtlqaenXcKzgx4lbgLki+dVL/5W/mj4tmfnV5IY8kCoIJo3XadCLoJUcCpYGm2E2sWEToiA9Y2NCCS6W4yuz3F50bp4X6oTAWAZ+rviYRIrSfSN52SwFAve1PxP68dQ/+6m/AgioEFdL6oHwsMIZ4GgXtcMQpiYgihiptbMR0SRSiYuLImBHf55VXSuCy4xUKxatIoozky6BSdoQvkoitUQneoguqIojF6QE/o2UqtR+vFep23rlmLmWP0B9b7D53Gl+U=</latexit>m0 = mTT
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[Pawlowski, Reichert, Wessely ’25]

[GA, Litim, Reichert, ’26]

Preserving symmetry



Fixed points, UV-IR connecting trajectories

p = 0 renormalisation
On-shell 

renormalisation

<latexit sha1_base64="56rBL/eUXDlazVZw/flC4yE1/+A=">AAACAXicbVDJSgNBEO1xjXGLehEUaQyCpzDjIXoRgl48JpANkhB6OpWkSc9Cd40YhngR/8SLB0U8BfwLb36DP2FnOWjig6Ie71XRXc8NpdBo21/WwuLS8spqYi25vrG5tZ3a2S3rIFIcSjyQgaq6TIMUPpRQoIRqqIB5roSK27se+ZVbUFoEfhH7ITQ81vFFW3CGRmqm9uuArGlf0nGP6wh3GBeLg0EzlbYz9hh0njhTks4dDgvfj0fDfDP1WW8FPPLARy6Z1jXHDrERM4WCSxgk65GGkPEe60DNUJ95oBvx+IIBPTFKi7YDZcpHOlZ/b8TM07rvuWbSY9jVs95I/M+rRdi+aMTCDyMEn08eakeSYkBHcdCWUMBR9g1hXAnzV8q7TDGOJrSkCcGZPXmelM8yTjaTLZg0rsgECXJAjskpccg5yZEbkiclwsk9eSIv5NV6sJ6tN+t9MrpgTXf2yB9YHz89e5p9</latexit>⌘0 = ⌘TT

<latexit sha1_base64="PRd24X3kFaWVmx9ZA4/PYOC89Vc=">AAAB+3icbVC7SgNBFJ31GeNrjWBjMxgEq7BrEW2EEBvLBPKCJCyzk0kyZGZ3mbkrCcv+io2FIlr6B36BnY3f4uRRaOKBC4dz7uXee/xIcA2O82WtrW9sbm1ndrK7e/sHh/ZRrqHDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH91O/eY9U5qHQQ0mEetKMgh4n1MCRvLsnPScGyy9pANsDEmtlqaenXcKzgx4lbgLki+dVL/5W/mj4tmfnV5IY8kCoIJo3XadCLoJUcCpYGm2E2sWEToiA9Y2NCCS6W4yuz3F50bp4X6oTAWAZ+rviYRIrSfSN52SwFAve1PxP68dQ/+6m/AgioEFdL6oHwsMIZ4GgXtcMQpiYgihiptbMR0SRSiYuLImBHf55VXSuCy4xUKxatIoozky6BSdoQvkoitUQneoguqIojF6QE/o2UqtR+vFep23rlmLmWP0B9b7D53Gl+U=</latexit>m0 = mTT
<latexit sha1_base64="gRXa/xrQfEM34ks3KJ9BOKF+MqA=">AAACBHicbZC7SgNBFIZnvcZ4W7VUZDAIVmHXIloGbSwTSFTIhjA7OUmGzM6uM2fFsKSw0FexsVBEsPIh7HwGX8JJYuHth4GP/5zDmfOHiRQGPe/dmZqemZ2bzy3kF5eWV1bdtfVTE6eaQ53HMtbnITMghYI6CpRwnmhgUSjhLOwfj+pnl6CNiFUNBwk0I9ZVoiM4Q2u13M0AkLW8QMEFHWMWIFxhVqsNhy234BW9sehf8L+gUN56qX7cbL9UWu5b0I55GoFCLpkxDd9LsJkxjYJLGOaD1EDCeJ91oWFRsQhMMxsfMaS71mnTTqztU0jH7veJjEXGDKLQdkYMe+Z3bWT+V2uk2DlsZkIlKYLik0WdVFKM6SgR2hYaOMqBBca1sH+lvMc042hzy9sQ/N8n/4XT/aJfKpaqNo0jMlGObJIdskd8ckDK5IRUSJ1wck3uyAN5dG6de+fJeZ60TjlfMxvkh5zXT+eVm/4=</latexit>

⌘0 6= ⌘TT

<latexit sha1_base64="PRd24X3kFaWVmx9ZA4/PYOC89Vc=">AAAB+3icbVC7SgNBFJ31GeNrjWBjMxgEq7BrEW2EEBvLBPKCJCyzk0kyZGZ3mbkrCcv+io2FIlr6B36BnY3f4uRRaOKBC4dz7uXee/xIcA2O82WtrW9sbm1ndrK7e/sHh/ZRrqHDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH91O/eY9U5qHQQ0mEetKMgh4n1MCRvLsnPScGyy9pANsDEmtlqaenXcKzgx4lbgLki+dVL/5W/mj4tmfnV5IY8kCoIJo3XadCLoJUcCpYGm2E2sWEToiA9Y2NCCS6W4yuz3F50bp4X6oTAWAZ+rviYRIrSfSN52SwFAve1PxP68dQ/+6m/AgioEFdL6oHwsMIZ4GgXtcMQpiYgihiptbMR0SRSiYuLImBHf55VXSuCy4xUKxatIoozky6BSdoQvkoitUQneoguqIojF6QE/o2UqtR+vFep23rlmLmWP0B9b7D53Gl+U=</latexit>m0 = mTT
<latexit sha1_base64="3p9mDh72crI2C10BdY9BY4bwQtw=">AAAB/HicbVDLSsNAFJ3UV62vaMGNm2ARXJXERXVTKHXjsoW+oC1hMp22Q2eSMHMjhhB/xY0LRbr1C/wCd278FqePhbYeuHA4517uvccLOVNg219GZmNza3snu5vb2z84PDKPT1oqiCShTRLwQHY8rChnPm0CA047oaRYeJy2vcntzG/fU6lY4DcgDmlf4JHPhoxg0JJr5oVrl4Wb9IA+QNJopGl54poFu2jPYa0TZ0kKldP6N5tWP2qu+dkbBCQS1AfCsVJdxw6hn2AJjHCa5nqRoiEmEzyiXU19LKjqJ/PjU+tCKwNrGEhdPlhz9fdEgoVSsfB0p8AwVqveTPzP60YwvOknzA8joD5ZLBpG3ILAmiVhDZikBHisCSaS6VstMsYSE9B55XQIzurL66R1VXRKxVJdp1FFC2TRGTpHl8hB16iC7lANNRFBMXpCL+jVeDSejTdjumjNGMuZPPoD4/0Hm/qYdw==</latexit>

m0 = mTT = k
<latexit sha1_base64="dBM0hdBhcyvJaWNWAw3vUv4ODi0=">AAACAnicbVC7SgNBFJ2NrxhfUStRZDEIVmHXItoEgjaWCeQFSQizk5tkyOyDmbtiWIKNfoqNhSI2KfwKO7/Bn3CySaGJBy73cM69zNzjBIIrtKwvI7G0vLK6llxPbWxube+kd/eqyg8lgwrzhS/rDlUguAcV5CigHkigriOg5gyuJ37tFqTivlfGYQAtl/Y83uWMopba6YMmIG1b+bhFTYQ7jMrl0ShvtdMZK2vFMBeJPSOZwtG49P14PC6205/Njs9CFzxkgirVsK0AWxGVyJmAUaoZKggoG9AeNDT1qAuqFcUnjMxTrXTMri91eWjG6u+NiLpKDV1HT7oU+2rem4j/eY0Qu5etiHtBiOCx6UPdUJjom5M8zA6XwFAMNaFMcv1Xk/WppAx1aikdgj1/8iKpnmftXDZX0mlckSmS5JCckDNikwtSIDekSCqEkXvyRF7Iq/FgPBtvxvt0NGHMdvbJHxgfP+VbmtQ=</latexit>

⌘0 = ⌘TT = 0

Generalised KL for k>0 Standard KL for k>0 Standard KL for k>0 



Coupled spectral functions
IR: matches EFT exactly UV: Normalisable spectral functions

All spectral functions are positive 
 

Transverse-traceless mode carries 
on-shell dofs 

All spectral functions change sign 
 

Physical scalar mode carries  
off-shell dofs 



Coupled spectral functions
IR: matches EFT exactly UV: Normalisable spectral functions

TT is compatible with all conditions  
for unitary and causal 

UV completion of gravity
[Platania, Wetterich 2020]

Propagator pole structure:  
no additional modes



Coupled form factors

<latexit sha1_base64="Uyf/TU7OCV8fjfrCFUoJvZGdtJE="></latexit>

�k=0 =

Z
d4x

p
g

 
R

16⇡GN
+RfR(⇤)R+ Cµ⌫⇢�fC(⇤)Cµ⌫⇢� + · · ·

!
+ Sgh + Sgf

First principles Lorentzian computation of non-perturbative form factors at k=0



Conclusions Lorentzian graviton spectral functions 2606.19321

Direct Lorentzian computation

Ghost and tachyon free: unitary and causal

Coupled healthy spectral functions 



Conclusions Lorentzian graviton spectral functions 2606.19321

<latexit sha1_base64="f+Kr84LtdY9FctJTYYaU2DeaIPU="></latexit>

ωgeneralisedk=!init
(ε)

<latexit sha1_base64="ymJklwd5sodZrXJs+l892kUfB8E="></latexit>

ωKL
k=!init

(ε)

<latexit sha1_base64="GJo45mZuin3zMx5HqMgfIPYLTgs="></latexit>

ωKL
k=0(ε) → ω(ε) <latexit sha1_base64="D3b/fgJD7as9U38v06ncxyj5MNA=">AAAB6nicdVDLSgMxFM34rPVVFdy4CRbB1ZDROtPuSt24bNE+oB1KJk3b0ExmSDJCGfoJblwo4tatf+EXuHPjt5i2Cip64MLhnHu5954g5kxphN6shcWl5ZXVzFp2fWNzazu3s9tQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjA6n/rNayoVi8SVHsfUD/FAsD4jWBvpstkddXN5ZKOC4xY8iOxT5HpnJUM8hIqlEnRsNEO+vF97Z8+Vl2o399rpRSQJqdCEY6XaDoq1n2KpGeF0ku0kisaYjPCAtg0VOKTKT2enTuCRUXqwH0lTQsOZ+n0ixaFS4zAwnSHWQ/Xbm4p/ee1E94t+ykScaCrIfFE/4VBHcPo37DFJieZjQzCRzNwKyRBLTLRJJ2tC+PoU/k8aJ7bj2m7NpFEBc2TAATgEx8ABHiiDC1AFdUDAANyAO3BvcevWerAe560L1ufMHvgB6+kDjeyRtg==</latexit>

Wk

Direct Lorentzian computation

Coupled healthy spectral functions 

Ghost and tachyon free: unitary and causal

Callan-Symanzik is not enough to define spectral flow 

Constraints from diffeomorphism symmetry



Conclusions Lorentzian graviton spectral functions

Full form factors    
<latexit sha1_base64="j8ZG6AtWsctYWh/ogUu8czaoL/M=">AAAB73icbVDLTgJBEOzFF+IL9agxE4mJB0N2OaBHIhePYOSRwEJmhwEmzM6uM7MmZMPRH/DiQWO8+gd8hze/wZ9weBwUrKSTSlV3uru8kDOlbfvLSqysrq1vJDdTW9s7u3vp/YOqCiJJaIUEPJB1DyvKmaAVzTSn9VBS7Huc1rxBceLXHqhULBB3ehhS18c9wbqMYG2k+m0rd4GKrVw7nbGz9hRomThzkikcj8vfjyfjUjv92ewEJPKp0IRjpRqOHWo3xlIzwuko1YwUDTEZ4B5tGCqwT5UbT+8doTOjdFA3kKaERlP190SMfaWGvmc6faz7atGbiP95jUh3r9yYiTDSVJDZom7EkQ7Q5HnUYZISzYeGYCKZuRWRPpaYaBNRyoTgLL68TKq5rJPP5ssmjWuYIQlHcArn4MAlFOAGSlABAhye4AVerXvr2Xqz3metCWs+cwh/YH38ADRwkn0=</latexit>

R2, C2 Black holes, cosmology, 
scattering amplitudes…

2606.19321

Callan-Symanzik is not enough to define spectral flow 

Constraints from diffeomorphism symmetry

<latexit sha1_base64="Uyf/TU7OCV8fjfrCFUoJvZGdtJE="></latexit>

�k=0 =

Z
d4x

p
g

 
R

16⇡GN
+RfR(⇤)R+ Cµ⌫⇢�fC(⇤)Cµ⌫⇢� + · · ·

!
+ Sgh + Sgf

<latexit sha1_base64="f+Kr84LtdY9FctJTYYaU2DeaIPU="></latexit>

ωgeneralisedk=!init
(ε)

<latexit sha1_base64="ymJklwd5sodZrXJs+l892kUfB8E="></latexit>

ωKL
k=!init

(ε)

<latexit sha1_base64="GJo45mZuin3zMx5HqMgfIPYLTgs="></latexit>

ωKL
k=0(ε) → ω(ε) <latexit sha1_base64="D3b/fgJD7as9U38v06ncxyj5MNA=">AAAB6nicdVDLSgMxFM34rPVVFdy4CRbB1ZDROtPuSt24bNE+oB1KJk3b0ExmSDJCGfoJblwo4tatf+EXuHPjt5i2Cip64MLhnHu5954g5kxphN6shcWl5ZXVzFp2fWNzazu3s9tQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjA6n/rNayoVi8SVHsfUD/FAsD4jWBvpstkddXN5ZKOC4xY8iOxT5HpnJUM8hIqlEnRsNEO+vF97Z8+Vl2o399rpRSQJqdCEY6XaDoq1n2KpGeF0ku0kisaYjPCAtg0VOKTKT2enTuCRUXqwH0lTQsOZ+n0ixaFS4zAwnSHWQ/Xbm4p/ee1E94t+ykScaCrIfFE/4VBHcPo37DFJieZjQzCRzNwKyRBLTLRJJ2tC+PoU/k8aJ7bj2m7NpFEBc2TAATgEx8ABHiiDC1AFdUDAANyAO3BvcevWerAe560L1ufMHvgB6+kDjeyRtg==</latexit>

Wk

Direct Lorentzian computation

Coupled healthy spectral functions 

Ghost and tachyon free: unitary and causal



Extra slides



<latexit sha1_base64="lG8VTJyu71u1kqaobW3wWBAB/3k=">AAACCnicbVC7SgNBFJ31GeMramnhaBC0MO6miDZC0MYyonlANobZyWwyZPbBzF0xLFvb+CuCWChiJ36BnaWtX+HkUajxwIXDOfdy7z1OKLgC0/wwJianpmdmU3Pp+YXFpeXMympFBZGkrEwDEciaQxQT3Gdl4CBYLZSMeI5gVad70verV0wqHvgX0AtZwyNtn7ucEtBSM7MZ2yV+aSbYpq0A8HnTBnYNcdtNLuOd/G5yZDYzWTNnDoDHiTUi2eL+58be6/1XqZl5t1sBjTzmAxVEqbplhtCIiQROBUvSdqRYSGiXtFldU594TDXiwSsJ3tZKC7uB1OUDHqg/J2LiKdXzHN3pEeiov15f/M+rR+AeNmLuhxEwnw4XuZHAEOB+LrjFJaMgepoQKrm+FdMOkYSCTi+tQ7D+vjxOKvmcVcgVznQax2iIFFpHW2gHWegAFdEpKqEyougG3aFH9GTcGg/Gs/EybJ0wRjNr6BeMt28wyJ2z</latexit>

⇧0 · S(2)
gf = 0

Physical scalar mode projector  
is orthogonal to the gauge fixing 

Projectors in the scalar sector

<latexit sha1_base64="mjgN48V7CtCztdx4feNqTynMibU="></latexit>
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00̃

⇣
⇧µ⌫⇢�

00̃
+⇧µ⌫⇢�

0̃0

⌘!

<latexit sha1_base64="StyZVGSvAGPJwY7TQkCkc8AXXio="></latexit>
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<latexit sha1_base64="lFN741WKAUpTurb7byKshrfGKVo="></latexit>
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◆
.

(2) Scalar sector

Tensor decomposed two-point function is 

We make a “uniform” approximation in the scalar sector 
<latexit sha1_base64="3Wnlib/JYcenxFHASxAGl8RIapY=">AAACLnicbVBdSwJBFJ21L7Mvq8dehiSwF9sVsl4CKaIeDfID1GR2HHVwZneZuSvI4i/qpd/QP7CHoCJ67Wc0fgSlHrhwOOde7r3HDQTXYNtvVmxpeWV1Lb6e2Njc2t5J7u6VtB8qyorUF76quEQzwT1WBA6CVQLFiHQFK7vdq5Ff7jGlue/dQz9gdUnaHm9xSsBIjeR17YZISRqRPXiI0tnjAb7Av1INuGgyvMCxZ6xGMmVn7DHwPHGmJJU/ee7BkJ4WGsmXWtOnoWQeUEG0rjp2APWIKOBUsEGiFmoWENolbVY11COS6Xo0fneAj4zSxC1fmfIAj9W/ExGRWvelazolgY6e9UbiIq8aQuu8HnEvCIF5dLKoFQoMPh5lh5tcMQqibwihiptbMe0QRSiYhBMmBGf25XlSymacXCZ3Z9K4RBPE0QE6RGnkoDOUR7eogIqIokc0RO/ow3qyXq1P62vSGrOmM/voH6zvH3kBqgs=</latexit>

�(2)
0 = �(2)

0̃
= �(2)

00̃

Breaks for feedback of 
continua into the 2pt flow

[Pawlowski, Reichert, Wessely, 2025]



<latexit sha1_base64="nx1uXeGOMusDym8JKvD20hNwCqE=">AAAB8nicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi4K4rGAvkIYymU7aoZOZMHOiltDHcONCkW59D/duxLdxello6w8DH/9/DnPOCRPONLjut5VbWl5ZXcuv2xubW9s7hd29upapIrRGJJeqGWJNORO0Bgw4bSaK4jjktBH2r8Z5454qzaS4g0FCgxh3BYsYwWAsvwX0EbJrLh+G7ULRLbkTOYvgzaB48WGfJ6Mvu9oufLY6kqQxFUA41tr33ASCDCtghNOh3Uo1TTDp4y71DQocUx1kk5GHzpFxOk4klXkCnIn7uyPDsdaDODSVMYaens/G5n+Zn0J0FmRMJClQQaYfRSl3QDrj/Z0OU5QAHxjARDEzq0N6WGEC5kq2OYI3v/Ii1E9KXrlUvnWLlUs0VR4doEN0jDx0iiroBlVRDREk0RN6Qa8WWM/WmzWaluasWc8++iPr/Qc4a5Th</latexit>

Flow

<latexit sha1_base64="FqTlDCEkGgftSbRuFkRG/X32IDk=">AAAB9HicbVC7SgNBFJ2NrxhfUcHGZjEIVmHXIlqG2FgmkBckS5idzCZDZmbXmbvBsOx32FgoYqlf4RfY2fgtTh6FJh64cDjnXu69x4840+A4X1ZmbX1jcyu7ndvZ3ds/yB8eNXUYK0IbJOShavtYU84kbQADTtuRolj4nLb80c3Ub42p0iyUdZhE1BN4IFnACAYjeaKXdIHeQ1Kvp2kvX3CKzgz2KnEXpFA+qX2zt8pHtZf/7PZDEgsqgXCsdcd1IvASrIARTtNcN9Y0wmSEB7RjqMSCai+ZHZ3a50bp20GoTEmwZ+rviQQLrSfCN50Cw1Ave1PxP68TQ3DtJUxGMVBJ5ouCmNsQ2tME7D5TlACfGIKJYuZWmwyxwgRMTjkTgrv88ippXhbdUrFUM2lU0BxZdIrO0AVy0RUqo1tURQ1E0B16QE/o2Rpbj9aL9TpvzViLmWP0B9b7D0ywlik=</latexit>mTT
<latexit sha1_base64="/10Rt8t2ya8uUFnsbl/Nx+lTDhc=">AAAB+XicbVDJSgNBEO2JW4zbqEdFBoPgKcx4iB6DXjwmkA2SYejpVJImPQvdNcEw5OhfePGgiFcv+Q5vfoM/YWc5aOKDgsd7VVTV82PBFdr2l5FZW9/Y3Mpu53Z29/YPzMOjuooSyaDGIhHJpk8VCB5CDTkKaMYSaOALaPiDu6nfGIJUPAqrOIrBDWgv5F3OKGrJM802IPXSNsIDptXqeOyZebtgz2CtEmdB8qXTSeX78WxS9szPdidiSQAhMkGVajl2jG5KJXImYJxrJwpiyga0By1NQxqActPZ5WPrQisdqxtJXSFaM/X3REoDpUaBrzsDin217E3F/7xWgt0bN+VhnCCEbL6omwgLI2sag9XhEhiKkSaUSa5vtVifSspQh5XTITjLL6+S+lXBKRaKFZ3GLZkjS07IObkkDrkmJXJPyqRGGBmSJ/JCXo3UeDbejPd5a8ZYzByTPzA+fgAUZJer</latexit>⌘TT

<latexit sha1_base64="/10Rt8t2ya8uUFnsbl/Nx+lTDhc=">AAAB+XicbVDJSgNBEO2JW4zbqEdFBoPgKcx4iB6DXjwmkA2SYejpVJImPQvdNcEw5OhfePGgiFcv+Q5vfoM/YWc5aOKDgsd7VVTV82PBFdr2l5FZW9/Y3Mpu53Z29/YPzMOjuooSyaDGIhHJpk8VCB5CDTkKaMYSaOALaPiDu6nfGIJUPAqrOIrBDWgv5F3OKGrJM802IPXSNsIDptXqeOyZebtgz2CtEmdB8qXTSeX78WxS9szPdidiSQAhMkGVajl2jG5KJXImYJxrJwpiyga0By1NQxqActPZ5WPrQisdqxtJXSFaM/X3REoDpUaBrzsDin217E3F/7xWgt0bN+VhnCCEbL6omwgLI2sag9XhEhiKkSaUSa5vtVifSspQh5XTITjLL6+S+lXBKRaKFZ3GLZkjS07IObkkDrkmJXJPyqRGGBmSJ/JCXo3UeDbejPd5a8ZYzByTPzA+fgAUZJer</latexit>⌘TT
<latexit sha1_base64="/2JRyHddURC6KJswt1tw2ZXojdI=">AAAB7XicbVC7SgNBFJ2NrxhfUUtFBoNgFXYtomXQxjIB84BkCbOTu8mY2ZllZlYIS0p7GwtFbP2FfIed3+BPOHkUmnjgwuGce7n3niDmTBvX/XIyK6tr6xvZzdzW9s7uXn7/oK5loijUqORSNQOigTMBNcMMh2asgEQBh0YwuJn4jQdQmklxZ4Yx+BHpCRYySoyV6m0wpON28gW36E6Bl4k3J4Xy8bj6/XgyrnTyn+2upEkEwlBOtG55bmz8lCjDKIdRrp1oiAkdkB60LBUkAu2n02tH+MwqXRxKZUsYPFV/T6Qk0noYBbYzIqavF72J+J/XSkx45adMxIkBQWeLwoRjI/HkddxlCqjhQ0sIVczeimmfKEKNDShnQ/AWX14m9YuiVyqWqjaNazRDFh2hU3SOPHSJyugWVVANUXSPntALenWk8+y8Oe+z1owznzlEf+B8/AAfn5KN</latexit>⌘0

<latexit sha1_base64="Qc1fuP3/o7lwmtCfCtIj7RdVGDA=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuRWIZYmOZoHlAsoTZyWwyZGZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33hPEnGnjul9OZm19Y3Mru53b2d3bP8gfHjV1lChCGyTikWoHWFPOJG0YZjhtx4piEXDaCkbXU791T5Vmkbwz45j6Ag8kCxnBxkq3ouf28gW36M6AVom3IIXKSf2bvVc/ar38Z7cfkURQaQjHWnc8NzZ+ipVhhNNJrptoGmMywgPasVRiQbWfzk6doHOr9FEYKVvSoJn6eyLFQuuxCGynwGaol72p+J/XSUx45adMxomhkswXhQlHJkLTv1GfKUoMH1uCiWL2VkSGWGFibDo5G4K3/PIqaV4WvVKxVLdpVGGOLJzCGVyAB2WowA3UoAEEBvAAT/DscOfReXFe560ZZzFzDH/gvP0A25WRPA==</latexit>m0
<latexit sha1_base64="Qc1fuP3/o7lwmtCfCtIj7RdVGDA=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuRWIZYmOZoHlAsoTZyWwyZGZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33hPEnGnjul9OZm19Y3Mru53b2d3bP8gfHjV1lChCGyTikWoHWFPOJG0YZjhtx4piEXDaCkbXU791T5Vmkbwz45j6Ag8kCxnBxkq3ouf28gW36M6AVom3IIXKSf2bvVc/ar38Z7cfkURQaQjHWnc8NzZ+ipVhhNNJrptoGmMywgPasVRiQbWfzk6doHOr9FEYKVvSoJn6eyLFQuuxCGynwGaol72p+J/XSUx45adMxomhkswXhQlHJkLTv1GfKUoMH1uCiWL2VkSGWGFibDo5G4K3/PIqaV4WvVKxVLdpVGGOLJzCGVyAB2WowA3UoAEEBvAAT/DscOfReXFe560ZZzFzDH/gvP0A25WRPA==</latexit>m0

<latexit sha1_base64="/2JRyHddURC6KJswt1tw2ZXojdI=">AAAB7XicbVC7SgNBFJ2NrxhfUUtFBoNgFXYtomXQxjIB84BkCbOTu8mY2ZllZlYIS0p7GwtFbP2FfIed3+BPOHkUmnjgwuGce7n3niDmTBvX/XIyK6tr6xvZzdzW9s7uXn7/oK5loijUqORSNQOigTMBNcMMh2asgEQBh0YwuJn4jQdQmklxZ4Yx+BHpCRYySoyV6m0wpON28gW36E6Bl4k3J4Xy8bj6/XgyrnTyn+2upEkEwlBOtG55bmz8lCjDKIdRrp1oiAkdkB60LBUkAu2n02tH+MwqXRxKZUsYPFV/T6Qk0noYBbYzIqavF72J+J/XSkx45adMxIkBQWeLwoRjI/HkddxlCqjhQ0sIVczeimmfKEKNDShnQ/AWX14m9YuiVyqWqjaNazRDFh2hU3SOPHSJyugWVVANUXSPntALenWk8+y8Oe+z1owznzlEf+B8/AAfn5KN</latexit>⌘0

<latexit sha1_base64="FqTlDCEkGgftSbRuFkRG/X32IDk=">AAAB9HicbVC7SgNBFJ2NrxhfUcHGZjEIVmHXIlqG2FgmkBckS5idzCZDZmbXmbvBsOx32FgoYqlf4RfY2fgtTh6FJh64cDjnXu69x4840+A4X1ZmbX1jcyu7ndvZ3ds/yB8eNXUYK0IbJOShavtYU84kbQADTtuRolj4nLb80c3Ub42p0iyUdZhE1BN4IFnACAYjeaKXdIHeQ1Kvp2kvX3CKzgz2KnEXpFA+qX2zt8pHtZf/7PZDEgsqgXCsdcd1IvASrIARTtNcN9Y0wmSEB7RjqMSCai+ZHZ3a50bp20GoTEmwZ+rviQQLrSfCN50Cw1Ave1PxP68TQ3DtJUxGMVBJ5ouCmNsQ2tME7D5TlACfGIKJYuZWmwyxwgRMTjkTgrv88ippXhbdUrFUM2lU0BxZdIrO0AVy0RUqo1tURQ1E0B16QE/o2Rpbj9aL9TpvzViLmWP0B9b7D0ywlik=</latexit>mTT

<latexit sha1_base64="daN9NMLJlXOF5SIbZY8j6pYVxkE=">AAACA3icbVDJSgNBEO1xjXGLCh700iiCIIQZD+pFkHjxmEA2SMLQ06kkjd0zQ3eNGIaAF3/Fi4giXr35Bd68+C12loPbg4LHe1VU1QtiKQy67oczNT0zOzefWcguLi2vrObW1qsmSjSHCo9kpOsBMyBFCBUUKKEea2AqkFALLs+Hfu0KtBFRWMZ+DC3FuqHoCM7QSn5uS/nuqfLTJsI1puXyYHDQbINERpWf23Xz7gj0L/EmZPdss/QpHgpvRT/33mxHPFEQIpfMmIbnxthKmUbBJQyyzcRAzPgl60LD0pApMK109MOA7lmlTTuRthUiHanfJ1KmjOmrwHYqhj3z2xuK/3mNBDsnrVSEcYIQ8vGiTiIpRnQYCG0LDRxl3xLGtbC3Ut5jmnG0sWVtCN7vl/+S6mHeO8oflWwaBTJGhmyTHbJPPHJMzsgFKZIK4eSG3JFH8uTcOvfOs/Mybp1yJjMb5Aec1y+WaJsz</latexit>

m0 = mTT + �m

No KL Generalised KL 

(2) Mass identifications and complex poles 

Expand the transverse-traceless  
mode flow around 

The transverse-traceless  
mass parameter flow is 

Which becomes complex for any 
<latexit sha1_base64="AOS01raglg2al+zaT+2vvJu0v0A=">AAAB9XicbVC7TsNAEDzzDAFCgBKKExESVWRTBMooNJRBIg8pNtH5vE5OOZ/N3RkUWfkPGgoQoqXlO+j4EwoKLo8CEkZaaTSzq90dP+FMadv+tJaWV1bX1nMb+c2t7cJOcXevqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBxdhv3YFULBbXepiAF5GeYCGjRBvpxg2Aa4IjV8AttrvFkl22J8CLxJmRUvXwvWZ/fxXq3eKHG8Q0jUBoyolSHcdOtJcRqRnlMMq7qYKE0AHpQcdQQSJQXja5eoSPjRLgMJamhMYT9fdERiKlhpFvOiOi+2reG4v/eZ1Uh+dexkSSahB0uihMOdYxHkeAAyaBaj40hFDJzK2Y9okkVJug8iYEZ/7lRdI8LTuVcuXKpFFDU+TQATpCJ8hBZ6iKLlEdNRBFEj2gJ/Rs3VuP1ov1Om1dsmYz++gPrLcfXJOVeA==</latexit>

�m 6= 0
cut

<latexit sha1_base64="ZQdZ2Ap/YwSW/ENyf9kgZCfjQMI=">AAAB9XicbVDJTgJBEO3BDXFDPXqZQEwwJmSGA3okevGIRpaEGUhPU0CHniXdNSqZ8BcevHjQGK/+izf+xmY5KPiSSl7eq0pVPS8SXKFlTYzU2vrG5lZ6O7Ozu7d/kD08qqswlgxqLBShbHpUgeAB1JCjgGYkgfqegIY3vJ76jQeQiofBPY4icH3aD3iPM4paajsIT5jcwbgQtUtnnWzeKlozmKvEXpB8JeecP08qo2on++10Qxb7ECATVKmWbUXoJlQiZwLGGSdWEFE2pH1oaRpQH5SbzK4em6da6Zq9UOoK0JypvycS6is18j3d6VMcqGVvKv7ntWLsXboJD6IYIWDzRb1YmBia0wjMLpfAUIw0oUxyfavJBlRShjqojA7BXn55ldRLRbtcLN/qNK7IHGlyQnKkQGxyQSrkhlRJjTAiyQt5I+/Go/FqfBif89aUsZg5Jn9gfP0AGliVPQ==</latexit>

Re(p2)

<latexit sha1_base64="vzAqmmUaWWVjPFaksVd0MZ1dfTc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXJkGICGEmh+gx6EVvEcwCmUno6fQkTXoWumvUYchfePDiQRGv/ou3/I2d5aCJDwoe71VRVc+NBFdgmhMjs7a+sbmV3c7t7O7tH+QPj5oqjCVlDRqKULZdopjgAWsAB8HakWTEdwVruaPrqd96YFLxMLiHJGKOTwYB9zgloKWuDewJ0lt/XIq6lbNevmiWzRnwKrEWpFgr2OfPk1pS7+W/7X5IY58FQAVRqmOZETgpkcCpYOOcHSsWEToiA9bRNCA+U046u3qMT7XSx14odQWAZ+rviZT4SiW+qzt9AkO17E3F/7xODN6lk/IgioEFdL7IiwWGEE8jwH0uGQWRaEKo5PpWTIdEEgo6qJwOwVp+eZU0K2WrWq7e6TSu0BxZdIIKqIQsdIFq6AbVUQNRJNELekPvxqPxanwYn/PWjLGYOUZ/YHz9ABjFlTw=</latexit>

Im(p2) <latexit sha1_base64="lgXLCs0Q1ySLd8xCVVWCsZt6Z9g=">AAAB6nicbVC7TgJBFL2LL8QXaqkxE4mJFdmlQEuijSVEF0hgJbPDLEyYnd3MzJqQDaWljYXG2PoRfIed3+BPODwKBU9yk5Nz7s299/gxZ0rb9peVWVldW9/Ibua2tnd29/L7B3UVJZJQl0Q8kk0fK8qZoK5mmtNmLCkOfU4b/uB64jceqFQsEnd6GFMvxD3BAkawNtJtfF/q5At20Z4CLRNnTgqV43Ht+/FkXO3kP9vdiCQhFZpwrFTLsWPtpVhqRjgd5dqJojEmA9yjLUMFDqny0umpI3RmlC4KImlKaDRVf0+kOFRqGPqmM8S6rxa9ifif10p0cOmlTMSJpoLMFgUJRzpCk79Rl0lKNB8agolk5lZE+lhiok06OROCs/jyMqmXik65WK6ZNK5ghiwcwSmcgwMXUIEbqIILBHrwBC/wanHr2Xqz3metGWs+cwh/YH38APABkUo=</latexit>

p2

poles


