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disordered phase
symmetry is preserved

Many examples: magnetism, crystallization, superconductivity,…

<latexit sha1_base64="OuzXU2atEXmG29Ofuyt0yZ6cHgY=">AAACIXicbVDLSsNAFJ34rPUVHzs3g0VwVRLxtSy6cVnBPqAJZTKZtENnJmFmItTQfxFc6Z+4E3fif7h2kmZhWw8MnHvuvdwzJ0gYVdpxvqyl5ZXVtfXKRnVza3tn197bb6s4lZi0cMxi2Q2QIowK0tJUM9JNJEE8YKQTjG7zfueRSEVj8aDHCfE5GggaUYy0kfr2oceQGDACvWRIoSeLom/XnLpTAC4StyQ1UKLZt3+8MMYpJ0JjhpTquU6i/QxJTTEjk6qXKpIgPEID0jNUIE6UnxXuJ/DEKCGMYmme0LBQ/25kiCs15oGZ5EgP1XwvF//r9VIdXfsZFUmqicDTQ1HKoI5hHgUMqSRYs7EhCEtqvEI8RBJhbQKbuRIEfOYTWahyrxMTlDsfyyJpn9Xdy/rF/XmtcVNGVgFH4BicAhdcgQa4A03QAhg8gWfwCt6sF+vd+rA+p6NLVrlzAGZgff8CENCkeQ==</latexit>

→ω↑

<latexit sha1_base64="I4Nq9tDf6Dpym1pnT7v8bsmKsSI=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cE8oJkCbOzvcmQmdllZlYIS75A8KR/4k28+g/+iGcnyR5MtKChqOqmuytIONPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrOFUUWjTmseoGRANnElqGGQ7dRAERAYdOML6f+Z1HUJrFsmkmCfiCDCWLGCXGSo3moFxxq+4c+C/xclJBOeqD8nc/jGkqQBrKidY9z02MnxFlGOUwLfVTDQmhYzKEnqWSCNB+Nj90is+sEuIoVrakwXP190RGhNYTEdhOQcxIr3oz8T+vl5ro1s+YTFIDki4WRSnHJsazr3HIFFDDJ5YQqpi9FdMRUYQam83SliAQS09koZ7dOrVBeaux/CXti6p3Xb1qXFZqd3lkRXSCTtE58tANqqEHVEctRBGgJ/SCXp1n5815dz4WrQUnnzlGS3A+fwCo4Zxd</latexit>

T<latexit sha1_base64="orzv6VlDuLqdW7eWh52v+mX3t9c=">AAACDnicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eIeUGyhNnZSTJkZnaZmRXCkk8QPOmfeBOv/oI/4tnZZA8mWtBQVHXT3RXEnGnjul9OYWV1bX2juFna2t7Z3SvvH7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsa3md9+pEqzSDbMJKa+wEPJBoxgY6WHRp/0yxW36s6A/hIvJxXIUe+Xv3thRBJBpSEca9313Nj4KVaGEU6npV6iaYzJGA9p11KJBdV+Ojt1ik6sEqJBpGxJg2bq74kUC60nIrCdApuRXvYy8T+vm5jBtZ8yGSeGSjJfNEg4MhHK/kYhU5QYPrEEE8XsrYiMsMLE2HQWtgSBWHgiDXV269QG5S3H8pe0zqreZfXi/rxSu8kjK8IRHMMpeHAFNbiDOjSBwBCe4AVenWfnzXl3PuatBSefOYQFOJ8/NWidMw==</latexit>

Tc

<latexit sha1_base64="+ELSj+yxtIlsc5KH3eQIljhZE4s=">AAACGXicbVDLSsNAFJ34rPVVdekmWARXJRFfy6IblxXsA9pYJpObdugkE2ZuxBL6H4Ir/RN34taVP+LaSduFbT0wcDjnXu6Z4yeCa3Scb2tpeWV1bb2wUdzc2t7ZLe3tN7RMFYM6k0Kqlk81CB5DHTkKaCUKaOQLaPqDm9xvPoLSXMb3OEzAi2gv5iFnFI300EF4wkyqABQEo26p7FScMexF4k5JmUxR65Z+OoFkaQQxMkG1brtOgl5GFXImYFTspBoSyga0B21DYxqB9rJx6pF9bJTADqUyL0Z7rP7dyGik9TDyzWREsa/nvVz8z2unGF55GY+TFCFmk0NhKmyUdl6BHXAFDMXQEMoUN1lt1qeKMjRFzVzx/WjmE1mg86x5Ue58LYukcVpxLyrnd2fl6vW0sgI5JEfkhLjkklTJLamROmFEkWfySt6sF+vd+rA+J6NL1nTngMzA+voFE/miiQ==</latexit>

ordered
<latexit sha1_base64="NzPv7HaIqF1666bRpNLELQLvMdM=">AAACHnicbVDLSsNAFJ3UV62vVJdugkVwVRLxtSy6cVnBPqANZTK5bYdOJmHmRi2hnyK40j9xJ271R1ybtFnY1gMDh3Pu5Z45XiS4Rtv+Ngorq2vrG8XN0tb2zu6eWd5v6jBWDBosFKFqe1SD4BIayFFAO1JAA09AyxvdZH7rAZTmobzHcQRuQAeS9zmjmEo9s9xFeMLE5zpUPijwJz2zYlftKaxl4uSkQnLUe+ZP1w9ZHIBEJqjWHceO0E2oQs4ETErdWENE2YgOoJNSSQPQbjKNPrGOU8W3+qFKn0Rrqv7dSGig9Tjw0smA4lAvepn4n9eJsX/lJlxGMYJks0P9WFgYWlkPls8VMBTjlFCmeJrVYkOqKMO0rbkrnhfMfSLxdZY1K8pZrGWZNE+rzkX1/O6sUrvOKyuSQ3JETohDLkmN3JI6aRBGHskzeSVvxovxbnwYn7PRgpHvHJA5GF+/JOakGA==</latexit>

disordered



Spontaneous symmetry breaking
Spontaneous symmetry breaking is typically a low-temperature phenomenon

“Pomeranchuk” effect in 3He

<latexit sha1_base64="vLonxSySfAf/zFThIpE8h0MM6sY=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cEzAOSJczOdpIhM7PLzKwQlnyB4En/xJt49R/8Ec/OJnswiQUNRVU33V1BzJk2rvvtFNbWNza3itulnd29/YPy4VFLR4mi0KQRj1QnIBo4k9A0zHDoxAqICDi0g/F95refQGkWyUczicEXZCjZgFFirNTw+uWKW3VnwKvEy0kF5aj3yz+9MKKJAGkoJ1p3PTc2fkqUYZTDtNRLNMSEjskQupZKIkD76ezQKT6zSogHkbIlDZ6pfydSIrSeiMB2CmJGetnLxP+8bmIGt37KZJwYkHS+aJBwbCKcfY1DpoAaPrGEUMXsrZiOiCLU2GwWtgSBWHgiDXV269QG5S3HskpaF1XvunrVuKzU7vLIiugEnaJz5KEbVEMPqI6aiCJAz+gVvTkvzrvz4XzOWwtOPnOMFuB8/QJu6Zw6</latexit>

1

<latexit sha1_base64="ZMwqcUnHfqUVtYgN42EcmRcWnhg=">AAACDHicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jEB84BkCbOzs8mQmdllZlYIS75A8KR/4k28+g/+iGcnyR5MYkFDUdVNd1eQcKaN6347a+sbm1vbhZ3i7t7+wWHp6Lil41QR2iQxj1UnwJpyJmnTMMNpJ1EUi4DTdjC6n/rtJ6o0i+WjGSfUF3ggWcQINlZqVPulsltxZ0CrxMtJGXLU+6WfXhiTVFBpCMdadz03MX6GlWGE00mxl2qaYDLCA9q1VGJBtZ/NDp2gc6uEKIqVLWnQTP07kWGh9VgEtlNgM9TL3lT8z+umJrr1MyaT1FBJ5ouilCMTo+nXKGSKEsPHlmCimL0VkSFWmBibzcKWIBALT2Shnt46sUF5y7Gskla14l1XrhqX5dpdHlkBTuEMLsCDG6jBA9ShCQQoPMMrvDkvzrvz4XzOW9ecfOYEFuB8/QJwkZw7</latexit>

2

<latexit sha1_base64="ZoA/fVXtLweM7YqA2JQPKZRvGQA=">AAACDHicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga9eEzAPCBZwuzsJBkyM7vMzAphyRcInvRPvIlX/8Ef8exssgcTLWgoqrrp7gpizrRx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ShShTRLxSHUCrClnkjYNM5x2YkWxCDhtB+O7zG8/UqVZJB/MJKa+wEPJBoxgY6XGeb9ccavuDOgv8XJSgRz1fvm7F0YkEVQawrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtlVhQ7aezQ6foxCohGkTKljRopv6eSLHQeiIC2ymwGellLxP/87qJGdz4KZNxYqgk80WDhCMToexrFDJFieETSzBRzN6KyAgrTIzNZmFLEIiFJ9JQZ7dObVDecix/Seus6l1VLxsXldptHlkRjuAYTsGDa6jBPdShCQQoPMELvDrPzpvz7nzMWwtOPnMIC3A+fwByOZw8</latexit>

3

<latexit sha1_base64="KpPl5l43eusdyDVgAqUqxaQ7yoI=">AAACEHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsKTltoh5LJpG1okhmSjFCGfoPgSv/Enbj1D/wR12baWdjqhZDDOfdyzz1hwpk2rvvllFZW19Y3ypuVre2d3b3q/kFLx6ki1Ccxj1UnxJpyJqlvmOG0kyiKRchpOxzf5nr7kSrNYvlgJgkNBB5KNmAEG0v5bt11vX61lv95ob/AK0ANimr2q9+9KCapoNIQjrXuem5iggwrwwin00ov1TTBZIyHtGuhxILqIJuZnaITy0RoECv7pEEz9vdEhoXWExHaToHNSC9rOfmf1k3N4DrImExSQyWZLxqkHJkY5ZejiClKDJ9YgIli1isiI6wwMTafhS1hKBaOyCKde53aoLzlWP6C1lndu6xf3J/XGjdFZGU4gmM4BQ+uoAF30AQfCDB4ghd4dZ6dN+fd+Zi3lpxi5hAWyvn8AT+9nSA=</latexit>

0.001
<latexit sha1_base64="azj/QUpxzFkH4ApSFKfSD4fHZPA=">AAACD3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDKZTBuaZIYkI5ShvyC40j9xJ279BH/EtZl2FrZ6IeRwzr3cc0+QcKaN6345pZXVtfWN8mZla3tnd6+6f9DWcaoIbZGYx6obYE05k7RlmOG0myiKRcBpJxjf5nrnkSrNYvlgJgn1BR5KFjGCTU65ddcbVGv2mxX6C7wC1KCo5qD63Q9jkgoqDeFY657nJsbPsDKMcDqt9FNNE0zGeEh7FkosqPazmdcpOrFMiKJY2ScNmrG/JzIstJ6IwHYKbEZ6WcvJ/7ReaqJrP2MySQ2VZL4oSjkyMcoPRyFTlBg+sQATxaxXREZYYWJsPAtbgkAsHJGFOvc6tUF5y7H8Be2zundZv7g/rzVuisjKcATHcAoeXEED7qAJLSAwgid4gVfn2Xlz3p2PeWvJKWYOYaGczx/KYpzm</latexit>

0.01
<latexit sha1_base64="WrNiYWFXX7axatgmQEBlOS3ZBKs=">AAACDnicbVDLSsNAFL2pr1pfVZdugkVwFRLxtSy6cVnRPqANZTKZtENnJmFmIpTQTxBc6Z+4E7f+gj/i2kmbhW09cOFwzr3ce0+QMKq0635bpZXVtfWN8mZla3tnd6+6f9BScSoxaeKYxbITIEUYFaSpqWakk0iCeMBIOxjd5n77iUhFY/GoxwnxORoIGlGMtJEeXMfrV2uu405hLxOvIDUo0OhXf3phjFNOhMYMKdX13ET7GZKaYkYmlV6qSILwCA1I11CBOFF+Nj11Yp8YJbSjWJoS2p6qfycyxJUa88B0cqSHatHLxf+8bqqjaz+jIkk1EXi2KEqZrWM7/9sOqSRYs7EhCEtqbrXxEEmEtUlnbksQ8LknslDlt05MUN5iLMukdeZ4l87F/XmtflNEVoYjOIZT8OAK6nAHDWgChgE8wyu8WS/Wu/Vhfc5aS1YxcwhzsL5+AVVInKw=</latexit>

0.1
<latexit sha1_base64="vLonxSySfAf/zFThIpE8h0MM6sY=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cEzAOSJczOdpIhM7PLzKwQlnyB4En/xJt49R/8Ec/OJnswiQUNRVU33V1BzJk2rvvtFNbWNza3itulnd29/YPy4VFLR4mi0KQRj1QnIBo4k9A0zHDoxAqICDi0g/F95refQGkWyUczicEXZCjZgFFirNTw+uWKW3VnwKvEy0kF5aj3yz+9MKKJAGkoJ1p3PTc2fkqUYZTDtNRLNMSEjskQupZKIkD76ezQKT6zSogHkbIlDZ6pfydSIrSeiMB2CmJGetnLxP+8bmIGt37KZJwYkHS+aJBwbCKcfY1DpoAaPrGEUMXsrZiOiCLU2GwWtgSBWHgiDXV269QG5S3HskpaF1XvunrVuKzU7vLIiugEnaJz5KEbVEMPqI6aiCJAz+gVvTkvzrvz4XzOWwtOPnOMFuB8/QJu6Zw6</latexit>

1

<latexit sha1_base64="SnnsVKKp6JiWo3tFpl2SFT7VBXc=">AAACHnicbVDLSgMxFM3UV62vqS7dBItQQcqM+FoW3bgRKtgHdIaSSdM2NPMguaOWYT5FcKV/4k7c6o+4NtN2YVsPBA7n3Ms9OV4kuALL+jZyS8srq2v59cLG5tb2jlncbagwlpTVaShC2fKIYoIHrA4cBGtFkhHfE6zpDa8zv/nApOJhcA+jiLk+6Qe8xykBLXXMYoSdY1x2gD1Bclsj6VHHLFkVawy8SOwpKaEpah3zx+mGNPZZAFQQpdq2FYGbEAmcCpYWnFixiNAh6bO2pgHxmXKTcfQUH2qli3uh1C8APFb/biTEV2rke3rSJzBQ814m/ue1Y+hdugkPohhYQCeHerHAEOKsB9zlklEQI00IlVxnxXRAJKGg25q54nn+zCeSrsqyprooe76WRdI4qdjnlbO701L1alpZHu2jA1RGNrpAVXSDaqiOKHpEz+gVvRkvxrvxYXxORnPGdGcPzcD4+gVnLqJ6</latexit>

p (MPa)

<latexit sha1_base64="YbMOJ/MuoU5xhTsrjE0XAqmRyVA=">AAACHHicbVDLSgMxFM3UV62PVl26CRahgpQZ8bUsuhHcVOgL2qFkMmkbmskMyR2xDP0SwZX+iTtxK/gjrs20XdjWA4HDOfdyT44XCa7Btr+tzMrq2vpGdjO3tb2zmy/s7Td0GCvK6jQUoWp5RDPBJasDB8FakWIk8ARresPb1G8+MqV5KGswipgbkL7kPU4JGKlbyNdw5xSXOsCeILkfn3QLRbtsT4CXiTMjRTRDtVv46fghjQMmgQqidduxI3ATooBTwca5TqxZROiQ9FnbUEkCpt1kEnyMj43i416ozJOAJ+rfjYQEWo8Cz0wGBAZ60UvF/7x2DL1rN+EyioFJOj3UiwWGEKctYJ8rRkGMDCFUcZMV0wFRhILpau6K5wVzn0h8nWYdm6KcxVqWSeOs7FyWLx7Oi5WbWWVZdIiOUAk56ApV0B2qojqiKEbP6BW9WS/Wu/VhfU5HM9Zs5wDNwfr6BbngoZc=</latexit>

T (K)

<latexit sha1_base64="W1hTfplybbtqGH9R/xMNRAGoebY=">AAACIHicbVDLSgMxFM3UV62v0S7dBIvgqsyIr2XRjcsK9gHtUDKZTBuaZIY8hDL0WwRX+ifuxKV+iGsz7Sxs64HA4Zx7uScnTBlV2vO+nNLa+sbmVnm7srO7t3/gHh61VWIkJi2csER2Q6QIo4K0NNWMdFNJEA8Z6YTju9zvPBGpaCIe9SQlAUdDQWOKkbbSwK32OdIjyTNlUiJjZmg0Hbg1r+7NAFeJX5AaKNAcuD/9KMGGE6ExQ0r1fC/VQYakppiRaaVvFEkRHqMh6VkqECcqyGbhp/DUKhGME2mf0HCm/t3IEFdqwkM7mUdVy14u/uf1jI5vgoyK1Ggi8PxQbBjUCcybgBGVBGs2sQRhSW1WiEdIIqxtXwtXwpAvfCKLVJ41L8pfrmWVtM/r/lX98uGi1rgtKiuDY3ACzoAPrkED3IMmaAEMJuAZvII358V5dz6cz/loySl2qmABzvcv9D2lDg==</latexit> su
p
er
fl
u
id

<latexit sha1_base64="+CSqYra3qLY/vgi/fgCGuH2MaDs=">AAACGXicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtWDKZtA1NJkOSEcrQ/xBc6Z+4E7eu/BHXZtpZ2NYDgcM593JPThBzpo3rfjuFldW19Y3iZmlre2d3r7x/0NQyUYQ2iORStQOsKWcRbRhmOG3HimIRcNoKRreZ33qiSjMZPZhxTH2BBxHrM4KNlR67ApuhEqmWnIWTXrniVt0p0DLxclKBHPVe+acbSpIIGhnCsdYdz42Nn2JlGOF0UuommsaYjPCAdiyNsKDaT6epJ+jEKiHqS2VfZNBU/buRYqH1WAR2MkupF71M/M/rJKZ/7acsihNDIzI71E84MhJlFaCQKUoMH1uCiWI2KyJDrDAxtqi5K0Eg5j6RhjrLmhXlLdayTJpnVe+yenF/Xqnd5JUV4QiO4RQ8uIIa3EEdGkBAwTO8wpvz4rw7H87nbLTg5DuHMAfn6xcJPqKD</latexit>

solid

<latexit sha1_base64="oCkxUYGqgEdor6mBPddsBjgB8sY=">AAACHHicbVDLSgMxFM34rPXRUZdugkVwVWbE17LoxmUF+4B2KJlMpg1NMmMeQhn6JYIr/RN34lbwR1ybaWdhWw8EDufcyz05Ycqo0p737aysrq1vbJa2yts7u3sVd/+gpRIjMWnihCWyEyJFGBWkqalmpJNKgnjISDsc3eZ++4lIRRPxoMcpCTgaCBpTjLSV+m6lx5EeSp4x+mhoNOm7Va/mTQGXiV+QKijQ6Ls/vSjBhhOhMUNKdX0v1UGGpKaYkUm5ZxRJER6hAelaKhAnKsimwSfwxCoRjBNpn9Bwqv7dyBBXasxDO5nHVIteLv7ndY2Or4OMitRoIvDsUGwY1AnMW4ARlQRrNrYEYUltVoiHSCKsbVdzV8KQz30ii1SeNS/KX6xlmbTOav5l7eL+vFq/KSorgSNwDE6BD65AHdyBBmgCDAx4Bq/gzXlx3p0P53M2uuIUO4dgDs7XL2Thoys=</latexit>

liquid

<latexit sha1_base64="1FKpqVp5dG9a8TGEw6sDIEQP6/w=">AAACF3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gGdoWQyaRuaZIYkI5ShvyG40j9xJ25d+iOuzbSzsNUDgcM593JPTphwpo3rfjmlldW19Y3yZmVre2d3r7p/0NZxqghtkZjHqhtiTTmTtGWY4bSbKIpFyGknHN/mfueRKs1i+WAmCQ0EHko2YAQbK/m+wGakRDbEetqv1ty6OwP6S7yC1KBAs1/99qOYpIJKQzjWuue5iQkyrAwjnE4rfqppgskYD2nPUokF1UE2yzxFJ1aJ0CBW9kmDZurvjQwLrScitJN5Rr3s5eJ/Xi81g+sgYzJJDZVkfmiQcmRilBeAIqYoMXxiCSaK2ayIjLDCxNiaFq6EoVj4RBbpPGtelLdcy1/SPqt7l/WL+/Na46aorAxHcAyn4MEVNOAOmtACAgk8wQu8Os/Om/PufMxHS06xcwgLcD5/AEEXoY8=</latexit>gas

For                  : 
<latexit sha1_base64="s13V5Vu4bNB9Ukkrdr9sBlLawi0=">AAACKXicbVDLSsNAFJ34rPUVdamLwSK4kJD4XhbdCG4q9AVNKJPJpB06k4SZiVBCN36N4Er/xJ269R9cO2mzsK0HLhzOuZd77/ETRqWy7U9jYXFpeWW1tFZe39jc2jZ3dpsyTgUmDRyzWLR9JAmjEWkoqhhpJ4Ig7jPS8ge3ud96JELSOKqrYUI8jnoRDSlGSktd86AOXUaklJRD2zqD7gl0OVJ9wbP7Udes2JY9BpwnTkEqoECta/64QYxTTiKFGZKy49iJ8jIkFMWMjMpuKkmC8AD1SEfTCHEivWz8xQgeaSWAYSx0RQqO1b8TGeJSDrmvO/ML5ayXi/95nVSF115GoyRVJMKTRWHKoIphHgkMqCBYsaEmCAuqb4W4jwTCSgc3tcX3+dQTWSDzW/OgnNlY5knz1HIurYuH80r1poisBPbBITgGDrgCVXAHaqABMHgCz+AVvBkvxrvxYXxNWheMYmYPTMH4/gWkZ6a5</latexit>

T ↭ 0.3K
<latexit sha1_base64="VNaHCLvXG4/039wwY+wXhK8Xig0=">AAACMXicbVDLSsNAFJ34rPUVdelmsAquSiK+Fi6KblxWtA9oQ5hMpu3QmUmcmQgl9Af8GsGV/kl34ta9aydtQNt64MLhnHu5954gZlRpxxlZC4tLyyurhbXi+sbm1ra9s1tXUSIxqeGIRbIZIEUYFaSmqWakGUuCeMBII+jfZH7jiUhFI/GgBzHxOOoK2qEYaSP59uG93+ZI9yRPGX1MaDiEV/BXUxEzkm+XnLIzBpwnbk5KIEfVt7/bYYQTToTGDCnVcp1YeymSmmJGhsV2okiMcB91SctQgThRXjr+ZgiPjBLCTiRNCQ3H6t+JFHGlBjwwndmVatbLxP+8VqI7l15KRZxoIvBkUSdhUEcwiwaGVBKs2cAQhCU1t0LcQxJhbQKc2hIEfOqJNFTZrVlQ7mws86R+UnbPy2d3p6XKdR5ZAeyDA3AMXHABKuAWVEENYPAMXsAbeLderZH1YX1OWhesfGYPTMH6+gE9iavV</latexit>

Sliquid < Ssolid due to disordered nucleon spin

additional fluctuating degree of freedom leads to 
inverted transition

Pomeranchuk, Zh. Eksp. Teor. Fiz. Band 20, Nr. 919 (1950)



Spontaneous symmetry breaking
Spontaneous symmetry breaking is typically a low-temperature phenomenon

“Pomeranchuk” effect in 3He

<latexit sha1_base64="vLonxSySfAf/zFThIpE8h0MM6sY=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cEzAOSJczOdpIhM7PLzKwQlnyB4En/xJt49R/8Ec/OJnswiQUNRVU33V1BzJk2rvvtFNbWNza3itulnd29/YPy4VFLR4mi0KQRj1QnIBo4k9A0zHDoxAqICDi0g/F95refQGkWyUczicEXZCjZgFFirNTw+uWKW3VnwKvEy0kF5aj3yz+9MKKJAGkoJ1p3PTc2fkqUYZTDtNRLNMSEjskQupZKIkD76ezQKT6zSogHkbIlDZ6pfydSIrSeiMB2CmJGetnLxP+8bmIGt37KZJwYkHS+aJBwbCKcfY1DpoAaPrGEUMXsrZiOiCLU2GwWtgSBWHgiDXV269QG5S3HskpaF1XvunrVuKzU7vLIiugEnaJz5KEbVEMPqI6aiCJAz+gVvTkvzrvz4XzOWwtOPnOMFuB8/QJu6Zw6</latexit>

1

<latexit sha1_base64="ZMwqcUnHfqUVtYgN42EcmRcWnhg=">AAACDHicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jEB84BkCbOzs8mQmdllZlYIS75A8KR/4k28+g/+iGcnyR5MYkFDUdVNd1eQcKaN6347a+sbm1vbhZ3i7t7+wWHp6Lil41QR2iQxj1UnwJpyJmnTMMNpJ1EUi4DTdjC6n/rtJ6o0i+WjGSfUF3ggWcQINlZqVPulsltxZ0CrxMtJGXLU+6WfXhiTVFBpCMdadz03MX6GlWGE00mxl2qaYDLCA9q1VGJBtZ/NDp2gc6uEKIqVLWnQTP07kWGh9VgEtlNgM9TL3lT8z+umJrr1MyaT1FBJ5ouilCMTo+nXKGSKEsPHlmCimL0VkSFWmBibzcKWIBALT2Shnt46sUF5y7Gskla14l1XrhqX5dpdHlkBTuEMLsCDG6jBA9ShCQQoPMMrvDkvzrvz4XzOW9ecfOYEFuB8/QJwkZw7</latexit>

2

<latexit sha1_base64="ZoA/fVXtLweM7YqA2JQPKZRvGQA=">AAACDHicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga9eEzAPCBZwuzsJBkyM7vMzAphyRcInvRPvIlX/8Ef8exssgcTLWgoqrrp7gpizrRx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ShShTRLxSHUCrClnkjYNM5x2YkWxCDhtB+O7zG8/UqVZJB/MJKa+wEPJBoxgY6XGeb9ccavuDOgv8XJSgRz1fvm7F0YkEVQawrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtlVhQ7aezQ6foxCohGkTKljRopv6eSLHQeiIC2ymwGellLxP/87qJGdz4KZNxYqgk80WDhCMToexrFDJFieETSzBRzN6KyAgrTIzNZmFLEIiFJ9JQZ7dObVDecix/Seus6l1VLxsXldptHlkRjuAYTsGDa6jBPdShCQQoPMELvDrPzpvz7nzMWwtOPnMIC3A+fwByOZw8</latexit>

3

<latexit sha1_base64="KpPl5l43eusdyDVgAqUqxaQ7yoI=">AAACEHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsKTltoh5LJpG1okhmSjFCGfoPgSv/Enbj1D/wR12baWdjqhZDDOfdyzz1hwpk2rvvllFZW19Y3ypuVre2d3b3q/kFLx6ki1Ccxj1UnxJpyJqlvmOG0kyiKRchpOxzf5nr7kSrNYvlgJgkNBB5KNmAEG0v5bt11vX61lv95ob/AK0ANimr2q9+9KCapoNIQjrXuem5iggwrwwin00ov1TTBZIyHtGuhxILqIJuZnaITy0RoECv7pEEz9vdEhoXWExHaToHNSC9rOfmf1k3N4DrImExSQyWZLxqkHJkY5ZejiClKDJ9YgIli1isiI6wwMTafhS1hKBaOyCKde53aoLzlWP6C1lndu6xf3J/XGjdFZGU4gmM4BQ+uoAF30AQfCDB4ghd4dZ6dN+fd+Zi3lpxi5hAWyvn8AT+9nSA=</latexit>

0.001
<latexit sha1_base64="azj/QUpxzFkH4ApSFKfSD4fHZPA=">AAACD3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDKZTBuaZIYkI5ShvyC40j9xJ279BH/EtZl2FrZ6IeRwzr3cc0+QcKaN6345pZXVtfWN8mZla3tnd6+6f9DWcaoIbZGYx6obYE05k7RlmOG0myiKRcBpJxjf5nrnkSrNYvlgJgn1BR5KFjGCTU65ddcbVGv2mxX6C7wC1KCo5qD63Q9jkgoqDeFY657nJsbPsDKMcDqt9FNNE0zGeEh7FkosqPazmdcpOrFMiKJY2ScNmrG/JzIstJ6IwHYKbEZ6WcvJ/7ReaqJrP2MySQ2VZL4oSjkyMcoPRyFTlBg+sQATxaxXREZYYWJsPAtbgkAsHJGFOvc6tUF5y7H8Be2zundZv7g/rzVuisjKcATHcAoeXEED7qAJLSAwgid4gVfn2Xlz3p2PeWvJKWYOYaGczx/KYpzm</latexit>

0.01
<latexit sha1_base64="WrNiYWFXX7axatgmQEBlOS3ZBKs=">AAACDnicbVDLSsNAFL2pr1pfVZdugkVwFRLxtSy6cVnRPqANZTKZtENnJmFmIpTQTxBc6Z+4E7f+gj/i2kmbhW09cOFwzr3ce0+QMKq0635bpZXVtfWN8mZla3tnd6+6f9BScSoxaeKYxbITIEUYFaSpqWakk0iCeMBIOxjd5n77iUhFY/GoxwnxORoIGlGMtJEeXMfrV2uu405hLxOvIDUo0OhXf3phjFNOhMYMKdX13ET7GZKaYkYmlV6qSILwCA1I11CBOFF+Nj11Yp8YJbSjWJoS2p6qfycyxJUa88B0cqSHatHLxf+8bqqjaz+jIkk1EXi2KEqZrWM7/9sOqSRYs7EhCEtqbrXxEEmEtUlnbksQ8LknslDlt05MUN5iLMukdeZ4l87F/XmtflNEVoYjOIZT8OAK6nAHDWgChgE8wyu8WS/Wu/Vhfc5aS1YxcwhzsL5+AVVInKw=</latexit>

0.1
<latexit sha1_base64="vLonxSySfAf/zFThIpE8h0MM6sY=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cEzAOSJczOdpIhM7PLzKwQlnyB4En/xJt49R/8Ec/OJnswiQUNRVU33V1BzJk2rvvtFNbWNza3itulnd29/YPy4VFLR4mi0KQRj1QnIBo4k9A0zHDoxAqICDi0g/F95refQGkWyUczicEXZCjZgFFirNTw+uWKW3VnwKvEy0kF5aj3yz+9MKKJAGkoJ1p3PTc2fkqUYZTDtNRLNMSEjskQupZKIkD76ezQKT6zSogHkbIlDZ6pfydSIrSeiMB2CmJGetnLxP+8bmIGt37KZJwYkHS+aJBwbCKcfY1DpoAaPrGEUMXsrZiOiCLU2GwWtgSBWHgiDXV269QG5S3HskpaF1XvunrVuKzU7vLIiugEnaJz5KEbVEMPqI6aiCJAz+gVvTkvzrvz4XzOWwtOPnOMFuB8/QJu6Zw6</latexit>

1

<latexit sha1_base64="SnnsVKKp6JiWo3tFpl2SFT7VBXc=">AAACHnicbVDLSgMxFM3UV62vqS7dBItQQcqM+FoW3bgRKtgHdIaSSdM2NPMguaOWYT5FcKV/4k7c6o+4NtN2YVsPBA7n3Ms9OV4kuALL+jZyS8srq2v59cLG5tb2jlncbagwlpTVaShC2fKIYoIHrA4cBGtFkhHfE6zpDa8zv/nApOJhcA+jiLk+6Qe8xykBLXXMYoSdY1x2gD1Bclsj6VHHLFkVawy8SOwpKaEpah3zx+mGNPZZAFQQpdq2FYGbEAmcCpYWnFixiNAh6bO2pgHxmXKTcfQUH2qli3uh1C8APFb/biTEV2rke3rSJzBQ814m/ue1Y+hdugkPohhYQCeHerHAEOKsB9zlklEQI00IlVxnxXRAJKGg25q54nn+zCeSrsqyprooe76WRdI4qdjnlbO701L1alpZHu2jA1RGNrpAVXSDaqiOKHpEz+gVvRkvxrvxYXxORnPGdGcPzcD4+gVnLqJ6</latexit>

p (MPa)

<latexit sha1_base64="YbMOJ/MuoU5xhTsrjE0XAqmRyVA=">AAACHHicbVDLSgMxFM3UV62PVl26CRahgpQZ8bUsuhHcVOgL2qFkMmkbmskMyR2xDP0SwZX+iTtxK/gjrs20XdjWA4HDOfdyT44XCa7Btr+tzMrq2vpGdjO3tb2zmy/s7Td0GCvK6jQUoWp5RDPBJasDB8FakWIk8ARresPb1G8+MqV5KGswipgbkL7kPU4JGKlbyNdw5xSXOsCeILkfn3QLRbtsT4CXiTMjRTRDtVv46fghjQMmgQqidduxI3ATooBTwca5TqxZROiQ9FnbUEkCpt1kEnyMj43i416ozJOAJ+rfjYQEWo8Cz0wGBAZ60UvF/7x2DL1rN+EyioFJOj3UiwWGEKctYJ8rRkGMDCFUcZMV0wFRhILpau6K5wVzn0h8nWYdm6KcxVqWSeOs7FyWLx7Oi5WbWWVZdIiOUAk56ApV0B2qojqiKEbP6BW9WS/Wu/VhfU5HM9Zs5wDNwfr6BbngoZc=</latexit>

T (K)

<latexit sha1_base64="W1hTfplybbtqGH9R/xMNRAGoebY=">AAACIHicbVDLSgMxFM3UV62v0S7dBIvgqsyIr2XRjcsK9gHtUDKZTBuaZIY8hDL0WwRX+ifuxKV+iGsz7Sxs64HA4Zx7uScnTBlV2vO+nNLa+sbmVnm7srO7t3/gHh61VWIkJi2csER2Q6QIo4K0NNWMdFNJEA8Z6YTju9zvPBGpaCIe9SQlAUdDQWOKkbbSwK32OdIjyTNlUiJjZmg0Hbg1r+7NAFeJX5AaKNAcuD/9KMGGE6ExQ0r1fC/VQYakppiRaaVvFEkRHqMh6VkqECcqyGbhp/DUKhGME2mf0HCm/t3IEFdqwkM7mUdVy14u/uf1jI5vgoyK1Ggi8PxQbBjUCcybgBGVBGs2sQRhSW1WiEdIIqxtXwtXwpAvfCKLVJ41L8pfrmWVtM/r/lX98uGi1rgtKiuDY3ACzoAPrkED3IMmaAEMJuAZvII358V5dz6cz/loySl2qmABzvcv9D2lDg==</latexit> su
p
er
fl
u
id

<latexit sha1_base64="+CSqYra3qLY/vgi/fgCGuH2MaDs=">AAACGXicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtWDKZtA1NJkOSEcrQ/xBc6Z+4E7eu/BHXZtpZ2NYDgcM593JPThBzpo3rfjuFldW19Y3iZmlre2d3r7x/0NQyUYQ2iORStQOsKWcRbRhmOG3HimIRcNoKRreZ33qiSjMZPZhxTH2BBxHrM4KNlR67ApuhEqmWnIWTXrniVt0p0DLxclKBHPVe+acbSpIIGhnCsdYdz42Nn2JlGOF0UuommsaYjPCAdiyNsKDaT6epJ+jEKiHqS2VfZNBU/buRYqH1WAR2MkupF71M/M/rJKZ/7acsihNDIzI71E84MhJlFaCQKUoMH1uCiWI2KyJDrDAxtqi5K0Eg5j6RhjrLmhXlLdayTJpnVe+yenF/Xqnd5JUV4QiO4RQ8uIIa3EEdGkBAwTO8wpvz4rw7H87nbLTg5DuHMAfn6xcJPqKD</latexit>

solid

<latexit sha1_base64="oCkxUYGqgEdor6mBPddsBjgB8sY=">AAACHHicbVDLSgMxFM34rPXRUZdugkVwVWbE17LoxmUF+4B2KJlMpg1NMmMeQhn6JYIr/RN34lbwR1ybaWdhWw8EDufcyz05Ycqo0p737aysrq1vbJa2yts7u3sVd/+gpRIjMWnihCWyEyJFGBWkqalmpJNKgnjISDsc3eZ++4lIRRPxoMcpCTgaCBpTjLSV+m6lx5EeSp4x+mhoNOm7Va/mTQGXiV+QKijQ6Ls/vSjBhhOhMUNKdX0v1UGGpKaYkUm5ZxRJER6hAelaKhAnKsimwSfwxCoRjBNpn9Bwqv7dyBBXasxDO5nHVIteLv7ndY2Or4OMitRoIvDsUGwY1AnMW4ARlQRrNrYEYUltVoiHSCKsbVdzV8KQz30ii1SeNS/KX6xlmbTOav5l7eL+vFq/KSorgSNwDE6BD65AHdyBBmgCDAx4Bq/gzXlx3p0P53M2uuIUO4dgDs7XL2Thoys=</latexit>

liquid

<latexit sha1_base64="1FKpqVp5dG9a8TGEw6sDIEQP6/w=">AAACF3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gGdoWQyaRuaZIYkI5ShvyG40j9xJ25d+iOuzbSzsNUDgcM593JPTphwpo3rfjmlldW19Y3yZmVre2d3r7p/0NZxqghtkZjHqhtiTTmTtGWY4bSbKIpFyGknHN/mfueRKs1i+WAmCQ0EHko2YAQbK/m+wGakRDbEetqv1ty6OwP6S7yC1KBAs1/99qOYpIJKQzjWuue5iQkyrAwjnE4rfqppgskYD2nPUokF1UE2yzxFJ1aJ0CBW9kmDZurvjQwLrScitJN5Rr3s5eJ/Xi81g+sgYzJJDZVkfmiQcmRilBeAIqYoMXxiCSaK2ayIjLDCxNiaFq6EoVj4RBbpPGtelLdcy1/SPqt7l/WL+/Na46aorAxHcAyn4MEVNOAOmtACAgk8wQu8Os/Om/PufMxHS06xcwgLcD5/AEEXoY8=</latexit>gas

For                  : 
<latexit sha1_base64="s13V5Vu4bNB9Ukkrdr9sBlLawi0=">AAACKXicbVDLSsNAFJ34rPUVdamLwSK4kJD4XhbdCG4q9AVNKJPJpB06k4SZiVBCN36N4Er/xJ269R9cO2mzsK0HLhzOuZd77/ETRqWy7U9jYXFpeWW1tFZe39jc2jZ3dpsyTgUmDRyzWLR9JAmjEWkoqhhpJ4Ig7jPS8ge3ud96JELSOKqrYUI8jnoRDSlGSktd86AOXUaklJRD2zqD7gl0OVJ9wbP7Udes2JY9BpwnTkEqoECta/64QYxTTiKFGZKy49iJ8jIkFMWMjMpuKkmC8AD1SEfTCHEivWz8xQgeaSWAYSx0RQqO1b8TGeJSDrmvO/ML5ayXi/95nVSF115GoyRVJMKTRWHKoIphHgkMqCBYsaEmCAuqb4W4jwTCSgc3tcX3+dQTWSDzW/OgnNlY5knz1HIurYuH80r1poisBPbBITgGDrgCVXAHaqABMHgCz+AVvBkvxrvxYXxNWheMYmYPTMH4/gWkZ6a5</latexit>

T ↭ 0.3K
<latexit sha1_base64="VNaHCLvXG4/039wwY+wXhK8Xig0=">AAACMXicbVDLSsNAFJ34rPUVdelmsAquSiK+Fi6KblxWtA9oQ5hMpu3QmUmcmQgl9Af8GsGV/kl34ta9aydtQNt64MLhnHu5954gZlRpxxlZC4tLyyurhbXi+sbm1ra9s1tXUSIxqeGIRbIZIEUYFaSmqWakGUuCeMBII+jfZH7jiUhFI/GgBzHxOOoK2qEYaSP59uG93+ZI9yRPGX1MaDiEV/BXUxEzkm+XnLIzBpwnbk5KIEfVt7/bYYQTToTGDCnVcp1YeymSmmJGhsV2okiMcB91SctQgThRXjr+ZgiPjBLCTiRNCQ3H6t+JFHGlBjwwndmVatbLxP+8VqI7l15KRZxoIvBkUSdhUEcwiwaGVBKs2cAQhCU1t0LcQxJhbQKc2hIEfOqJNFTZrVlQ7mws86R+UnbPy2d3p6XKdR5ZAeyDA3AMXHABKuAWVEENYPAMXsAbeLderZH1YX1OWhesfGYPTMH6+gE9iavV</latexit>

Sliquid < Ssolid due to disordered nucleon spin

additional fluctuating degree of freedom leads to 
inverted transition

At sufficiently high temperatures, symmetry is restored… is this always the case?

Pomeranchuk, Zh. Eksp. Teor. Fiz. Band 20, Nr. 919 (1950)



Single-scalar theory
Consider a single scalar field close to four dimensions with potential

<latexit sha1_base64="joBn54HIUFoQX6T6KiFRcV4UFl4=">AAACHnicbVDLSgMxFM34rPU11aWbYBFcSJkpvlZSdOOygn1AOw6ZTNqGJpkhyShl6KcIrvRP3Ilb/RHXZtpZ2NYDgcM593JPThAzqrTjfFtLyyura+uFjeLm1vbOrl3aa6ookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDG8yv/VIpKKRuNejmHgc9QXtUYy0kXy7xH3noXrSZWYlRPAKOr5ddirOBHCRuDkpgxx13/7phhFOOBEaM6RUx3Vi7aVIaooZGRe7iSIxwkPUJx1DBeJEeekk+hgeGSWEvUiaJzScqH83UsSVGvHATHKkB2rey8T/vE6ie5deSkWcaCLw9FAvYVBHMOsBhlQSrNnIEIQlNVkhHiCJsDZtzVwJAj7ziTRUWdaxKcqdr2WRNKsV97xydndarl3nlRXAATgEx8AFF6AGbkEdNAAGT+AZvII368V6tz6sz+nokpXv7IMZWF+/mkeh/Q==</latexit>

m2
0,ω > 0

<latexit sha1_base64="BD1o2hlufBgJ67A2Ca1bkz0GJ20="></latexit>

V (ω) = →1

2
m2

0ω
2 +

ε

4!
ω4 ,

Weinberg, Phys. Rev. D 9, 3357 (1974)



Single-scalar theory
Consider a single scalar field close to four dimensions with potential

<latexit sha1_base64="irwAI2Y37bFLuWDTf+O29oVLEfM="></latexit>

→ω↑20 =
6m2

0

ε

<latexit sha1_base64="3YZtUGQu+Dm+hrm9ZnBllYrVEvI=">AAACJXicbVDLSgMxFE3qq7Y+Wl26CRbBVZkRX8uiG5cV7APaoWQyaSc0yQxJRihDf8Gt/oFf404EV/6KmXYWTuuFC4dz7+Wec/yYM20c5xuWNja3tnfKu5Xq3v7BYa1+1NVRogjtkIhHqu9jTTmTtGOY4bQfK4qFz2nPn95n894zVZpF8snMYuoJPJFszAg2GTWMQzaqNZymsyi0DtwcNEBe7VEdVodBRBJBpSEcaz1wndh4KVaGEU7nlWGiaYzJFE/owEKJBdVeuhA7R2eWCdA4UralQQv270WKhdYz4dtNgU2oV2cZ+d9skJjxrZcyGSeGSrJ8NE44MhHKnKOAKUoMn1mAiWJWKyIhVpgYm0/hi++Lgok00JnWIqet85AGcxufuxrWOuheNN3r5tXjZaN1lwdZBifgFJwDF9yAFngAbdABBITgBbyCN/gOP+An/FqulmB+cwwKBX9+Af00paQ=</latexit>

ω

<latexit sha1_base64="HbxQEOpJRbmn01MdjIna/kp3GkE=">AAACKHicbVDLSsNAFJ2pr9r6aHXpZrAIdVMS8bUsunFZwT6gDWUymTRDJ5MwMxFK6Ee41T/wa9xJt36JkzYL03rhwuHce7nnHDfmTGnLWsDS1vbO7l55v1I9ODw6rtVPeipKJKFdEvFIDlysKGeCdjXTnA5iSXHoctp3p4/ZvP9KpWKReNGzmDohngjmM4K1ofq95igO2OW41rBa1rLQJrBz0AB5dcZ1WB15EUlCKjThWKmhbcXaSbHUjHA6r4wSRWNMpnhChwYKHFLlpEu9c3RhGA/5kTQtNFqyfy9SHCo1C12zGWIdqPVZRv43Gybav3dSJuJEU0FWj/yEIx2hzDzymKRE85kBmEhmtCISYImJNhEVvrhuWDCReirTWuSUcR5Qb27is9fD2gS9q5Z927p5vm60H/Igy+AMnIMmsMEdaIMn0AFdQMAUvIF38AE/4Rf8hovVagnmN6egUPDnF5Qfpmk=</latexit>

V (ω)

<latexit sha1_base64="joBn54HIUFoQX6T6KiFRcV4UFl4=">AAACHnicbVDLSgMxFM34rPU11aWbYBFcSJkpvlZSdOOygn1AOw6ZTNqGJpkhyShl6KcIrvRP3Ilb/RHXZtpZ2NYDgcM593JPThAzqrTjfFtLyyura+uFjeLm1vbOrl3aa6ookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDG8yv/VIpKKRuNejmHgc9QXtUYy0kXy7xH3noXrSZWYlRPAKOr5ddirOBHCRuDkpgxx13/7phhFOOBEaM6RUx3Vi7aVIaooZGRe7iSIxwkPUJx1DBeJEeekk+hgeGSWEvUiaJzScqH83UsSVGvHATHKkB2rey8T/vE6ie5deSkWcaCLw9FAvYVBHMOsBhlQSrNnIEIQlNVkhHiCJsDZtzVwJAj7ziTRUWdaxKcqdr2WRNKsV97xydndarl3nlRXAATgEx8AFF6AGbkEdNAAGT+AZvII368V6tz6sz+nokpXv7IMZWF+/mkeh/Q==</latexit>

m2
0,ω > 0

<latexit sha1_base64="BD1o2hlufBgJ67A2Ca1bkz0GJ20="></latexit>

V (ω) = →1

2
m2

0ω
2 +

ε

4!
ω4 ,

Weinberg, Phys. Rev. D 9, 3357 (1974)



Single-scalar theory
Consider a single scalar field close to four dimensions with potential

Effective potential at finite temperature at leading order in
<latexit sha1_base64="/CilwtQmsAjZHNPhuxmgYxo8lEA=">AAACEnicbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUAbymQyaYfOTMLMRCihHyG40j9xJ279AX/EtZM2C1s9cOFw7r3cc0+QcKaN6345pZXVtfWN8mZla3tnd6+6f9DWcaoIbZGYx6obYE05k7RlmOG0myiKRcBpJxjf5v3OI1WaxfLBTBLqCzyULGIEGyt1+tyOhnhQrbl1dwb0l3gFqUGB5qD63Q9jkgoqDeFY657nJsbPsDKMcDqt9FNNE0zGeEh7lkosqPazmd0pOrFKiKJY2ZIGzdTfGxkWWk9EYCcFNiO93MvF/3q91ETXfsZkkhoqyfxQlHJkYpT/jkKmKDF8YgkmilmviIywwsTYhBauBIFYeCILde51aoPylmP5S9pnde+yfnF/XmvcFJGV4QiO4RQ8uIIG3EETWkBgDE/wAq/Os/PmvDsf89GSU+wcwgKczx+NmZ8C</latexit>

ω

<latexit sha1_base64="irwAI2Y37bFLuWDTf+O29oVLEfM="></latexit>

→ω↑20 =
6m2

0

ε

<latexit sha1_base64="3YZtUGQu+Dm+hrm9ZnBllYrVEvI=">AAACJXicbVDLSgMxFE3qq7Y+Wl26CRbBVZkRX8uiG5cV7APaoWQyaSc0yQxJRihDf8Gt/oFf404EV/6KmXYWTuuFC4dz7+Wec/yYM20c5xuWNja3tnfKu5Xq3v7BYa1+1NVRogjtkIhHqu9jTTmTtGOY4bQfK4qFz2nPn95n894zVZpF8snMYuoJPJFszAg2GTWMQzaqNZymsyi0DtwcNEBe7VEdVodBRBJBpSEcaz1wndh4KVaGEU7nlWGiaYzJFE/owEKJBdVeuhA7R2eWCdA4UralQQv270WKhdYz4dtNgU2oV2cZ+d9skJjxrZcyGSeGSrJ8NE44MhHKnKOAKUoMn1mAiWJWKyIhVpgYm0/hi++Lgok00JnWIqet85AGcxufuxrWOuheNN3r5tXjZaN1lwdZBifgFJwDF9yAFngAbdABBITgBbyCN/gOP+An/FqulmB+cwwKBX9+Af00paQ=</latexit>

ω

<latexit sha1_base64="HbxQEOpJRbmn01MdjIna/kp3GkE=">AAACKHicbVDLSsNAFJ2pr9r6aHXpZrAIdVMS8bUsunFZwT6gDWUymTRDJ5MwMxFK6Ee41T/wa9xJt36JkzYL03rhwuHce7nnHDfmTGnLWsDS1vbO7l55v1I9ODw6rtVPeipKJKFdEvFIDlysKGeCdjXTnA5iSXHoctp3p4/ZvP9KpWKReNGzmDohngjmM4K1ofq95igO2OW41rBa1rLQJrBz0AB5dcZ1WB15EUlCKjThWKmhbcXaSbHUjHA6r4wSRWNMpnhChwYKHFLlpEu9c3RhGA/5kTQtNFqyfy9SHCo1C12zGWIdqPVZRv43Gybav3dSJuJEU0FWj/yEIx2hzDzymKRE85kBmEhmtCISYImJNhEVvrhuWDCReirTWuSUcR5Qb27is9fD2gS9q5Z927p5vm60H/Igy+AMnIMmsMEdaIMn0AFdQMAUvIF38AE/4Rf8hovVagnmN6egUPDnF5Qfpmk=</latexit>

V (ω)

<latexit sha1_base64="joBn54HIUFoQX6T6KiFRcV4UFl4=">AAACHnicbVDLSgMxFM34rPU11aWbYBFcSJkpvlZSdOOygn1AOw6ZTNqGJpkhyShl6KcIrvRP3Ilb/RHXZtpZ2NYDgcM593JPThAzqrTjfFtLyyura+uFjeLm1vbOrl3aa6ookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDG8yv/VIpKKRuNejmHgc9QXtUYy0kXy7xH3noXrSZWYlRPAKOr5ddirOBHCRuDkpgxx13/7phhFOOBEaM6RUx3Vi7aVIaooZGRe7iSIxwkPUJx1DBeJEeekk+hgeGSWEvUiaJzScqH83UsSVGvHATHKkB2rey8T/vE6ie5deSkWcaCLw9FAvYVBHMOsBhlQSrNnIEIQlNVkhHiCJsDZtzVwJAj7ziTRUWdaxKcqdr2WRNKsV97xydndarl3nlRXAATgEx8AFF6AGbkEdNAAGT+AZvII368V6tz6sz+nokpXv7IMZWF+/mkeh/Q==</latexit>

m2
0,ω > 0

<latexit sha1_base64="BD1o2hlufBgJ67A2Ca1bkz0GJ20="></latexit>

V (ω) = →1

2
m2

0ω
2 +

ε

4!
ω4 ,

<latexit sha1_base64="ut99e7ViyUxFbXypSyH2QNHIufw="></latexit>

m(T )2 = ω

(
→↑ε↓20

6
+ cT 2

)
,

<latexit sha1_base64="MwzwxmXA+Z80hagUno3uHEmrmiE="></latexit>

Ve!(ω) =
1

2
m(T )2ω2 +

ε

4!
ω4 +O(ε2) ,

<latexit sha1_base64="UPskOx6HhOHhi3xa/9yWSAoac3s=">AAACEHicbVDLSsNAFL2pr1pfVZduBovgqiTiayVFNy4rmLbQhjKZTNqhM0mYmQgl9BsEV/on7sStf+CPuHbSZmFbD1w4nHMv997jJ5wpbdvfVmlldW19o7xZ2dre2d2r7h+0VJxKQl0S81h2fKwoZxF1NdOcdhJJsfA5bfuju9xvP1GpWBw96nFCPYEHEQsZwdpILkE3yO5Xa3bdngItE6cgNSjQ7Fd/ekFMUkEjTThWquvYifYyLDUjnE4qvVTRBJMRHtCuoREWVHnZ9NgJOjFKgMJYmoo0mqp/JzIslBoL33QKrIdq0cvF/7xuqsNrL2NRkmoakdmiMOVIxyj/HAVMUqL52BBMJDO3IjLEEhNt8pnb4vti7oksUPmtExOUsxjLMmmd1Z3L+sXDea1xW0RWhiM4hlNw4AoacA9NcIEAg2d4hTfrxXq3PqzPWWvJKmYOYQ7W1y94u51C</latexit>

c > 0

Weinberg, Phys. Rev. D 9, 3357 (1974)



Single-scalar theory
Consider a single scalar field close to four dimensions with potential

Effective potential at finite temperature at leading order in
<latexit sha1_base64="/CilwtQmsAjZHNPhuxmgYxo8lEA=">AAACEnicbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUAbymQyaYfOTMLMRCihHyG40j9xJ279AX/EtZM2C1s9cOFw7r3cc0+QcKaN6345pZXVtfWN8mZla3tnd6+6f9DWcaoIbZGYx6obYE05k7RlmOG0myiKRcBpJxjf5v3OI1WaxfLBTBLqCzyULGIEGyt1+tyOhnhQrbl1dwb0l3gFqUGB5qD63Q9jkgoqDeFY657nJsbPsDKMcDqt9FNNE0zGeEh7lkosqPazmd0pOrFKiKJY2ZIGzdTfGxkWWk9EYCcFNiO93MvF/3q91ETXfsZkkhoqyfxQlHJkYpT/jkKmKDF8YgkmilmviIywwsTYhBauBIFYeCILde51aoPylmP5S9pnde+yfnF/XmvcFJGV4QiO4RQ8uIIG3EETWkBgDE/wAq/Os/PmvDsf89GSU+wcwgKczx+NmZ8C</latexit>

ω

for sufficiently high temperatures,                   , and symmetry is restored.
<latexit sha1_base64="tJ3GoteH7brDiZSISibeC8lb6a4=">AAACFnicbVDLSsNAFJ3UV62vqks3g0Wom5IUXyspunFZobWFNJbJZNIOncmEmYlQQj9DcKV/4k7cuvVHXDtps7CtBy4czrmXe+/xY0aVtu1vq7Cyura+UdwsbW3v7O6V9w8elEgkJm0smJBdHynCaETammpGurEkiPuMdPzRbeZ3nohUVEQtPY6Jx9EgoiHFSBvJ5dXW6WMdXkMb9ssVu2ZPAZeJk5MKyNHsl396gcAJJ5HGDCnlOnasvRRJTTEjk1IvUSRGeIQGxDU0QpwoL52ePIEnRglgKKSpSMOp+nciRVypMfdNJ0d6qBa9TPzPcxMdXnkpjeJEkwjPFoUJg1rA7H8YUEmwZmNDEJbU3ArxEEmEtUlpbovv87kn0kBlt05MUM5iLMvkoV5zLmrn92eVxk0eWREcgWNQBQ64BA1wB5qgDTAQ4Bm8gjfrxXq3PqzPWWvBymcOwRysr1+od57d</latexit>

m(T )2 > 0

<latexit sha1_base64="irwAI2Y37bFLuWDTf+O29oVLEfM="></latexit>

→ω↑20 =
6m2

0

ε

<latexit sha1_base64="3YZtUGQu+Dm+hrm9ZnBllYrVEvI=">AAACJXicbVDLSgMxFE3qq7Y+Wl26CRbBVZkRX8uiG5cV7APaoWQyaSc0yQxJRihDf8Gt/oFf404EV/6KmXYWTuuFC4dz7+Wec/yYM20c5xuWNja3tnfKu5Xq3v7BYa1+1NVRogjtkIhHqu9jTTmTtGOY4bQfK4qFz2nPn95n894zVZpF8snMYuoJPJFszAg2GTWMQzaqNZymsyi0DtwcNEBe7VEdVodBRBJBpSEcaz1wndh4KVaGEU7nlWGiaYzJFE/owEKJBdVeuhA7R2eWCdA4UralQQv270WKhdYz4dtNgU2oV2cZ+d9skJjxrZcyGSeGSrJ8NE44MhHKnKOAKUoMn1mAiWJWKyIhVpgYm0/hi++Lgok00JnWIqet85AGcxufuxrWOuheNN3r5tXjZaN1lwdZBifgFJwDF9yAFngAbdABBITgBbyCN/gOP+An/FqulmB+cwwKBX9+Af00paQ=</latexit>

ω

<latexit sha1_base64="HbxQEOpJRbmn01MdjIna/kp3GkE=">AAACKHicbVDLSsNAFJ2pr9r6aHXpZrAIdVMS8bUsunFZwT6gDWUymTRDJ5MwMxFK6Ee41T/wa9xJt36JkzYL03rhwuHce7nnHDfmTGnLWsDS1vbO7l55v1I9ODw6rtVPeipKJKFdEvFIDlysKGeCdjXTnA5iSXHoctp3p4/ZvP9KpWKReNGzmDohngjmM4K1ofq95igO2OW41rBa1rLQJrBz0AB5dcZ1WB15EUlCKjThWKmhbcXaSbHUjHA6r4wSRWNMpnhChwYKHFLlpEu9c3RhGA/5kTQtNFqyfy9SHCo1C12zGWIdqPVZRv43Gybav3dSJuJEU0FWj/yEIx2hzDzymKRE85kBmEhmtCISYImJNhEVvrhuWDCReirTWuSUcR5Qb27is9fD2gS9q5Z927p5vm60H/Igy+AMnIMmsMEdaIMn0AFdQMAUvIF38AE/4Rf8hovVagnmN6egUPDnF5Qfpmk=</latexit>

V (ω)

<latexit sha1_base64="joBn54HIUFoQX6T6KiFRcV4UFl4=">AAACHnicbVDLSgMxFM34rPU11aWbYBFcSJkpvlZSdOOygn1AOw6ZTNqGJpkhyShl6KcIrvRP3Ilb/RHXZtpZ2NYDgcM593JPThAzqrTjfFtLyyura+uFjeLm1vbOrl3aa6ookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDG8yv/VIpKKRuNejmHgc9QXtUYy0kXy7xH3noXrSZWYlRPAKOr5ddirOBHCRuDkpgxx13/7phhFOOBEaM6RUx3Vi7aVIaooZGRe7iSIxwkPUJx1DBeJEeekk+hgeGSWEvUiaJzScqH83UsSVGvHATHKkB2rey8T/vE6ie5deSkWcaCLw9FAvYVBHMOsBhlQSrNnIEIQlNVkhHiCJsDZtzVwJAj7ziTRUWdaxKcqdr2WRNKsV97xydndarl3nlRXAATgEx8AFF6AGbkEdNAAGT+AZvII368V6tz6sz+nokpXv7IMZWF+/mkeh/Q==</latexit>

m2
0,ω > 0

<latexit sha1_base64="BD1o2hlufBgJ67A2Ca1bkz0GJ20="></latexit>

V (ω) = →1

2
m2

0ω
2 +

ε

4!
ω4 ,

<latexit sha1_base64="ut99e7ViyUxFbXypSyH2QNHIufw="></latexit>

m(T )2 = ω

(
→↑ε↓20

6
+ cT 2

)
,

<latexit sha1_base64="MwzwxmXA+Z80hagUno3uHEmrmiE="></latexit>

Ve!(ω) =
1

2
m(T )2ω2 +

ε

4!
ω4 +O(ε2) ,

<latexit sha1_base64="UPskOx6HhOHhi3xa/9yWSAoac3s=">AAACEHicbVDLSsNAFL2pr1pfVZduBovgqiTiayVFNy4rmLbQhjKZTNqhM0mYmQgl9BsEV/on7sStf+CPuHbSZmFbD1w4nHMv997jJ5wpbdvfVmlldW19o7xZ2dre2d2r7h+0VJxKQl0S81h2fKwoZxF1NdOcdhJJsfA5bfuju9xvP1GpWBw96nFCPYEHEQsZwdpILkE3yO5Xa3bdngItE6cgNSjQ7Fd/ekFMUkEjTThWquvYifYyLDUjnE4qvVTRBJMRHtCuoREWVHnZ9NgJOjFKgMJYmoo0mqp/JzIslBoL33QKrIdq0cvF/7xuqsNrL2NRkmoakdmiMOVIxyj/HAVMUqL52BBMJDO3IjLEEhNt8pnb4vti7oksUPmtExOUsxjLMmmd1Z3L+sXDea1xW0RWhiM4hlNw4AoacA9NcIEAg2d4hTfrxXq3PqzPWWvJKmYOYQ7W1y94u51C</latexit>

c > 0

Weinberg, Phys. Rev. D 9, 3357 (1974)



Two-scalar theory
Consider two coupled scalar fields with                     symmetry and scalar potential

<latexit sha1_base64="YslesaA24RjdZDPM3uVMfYsZGC0=">AAACLnicbVDLSgMxFM34rPU16tJNtAh1U2aKr2XRjSutYB/YKSVJ0zY0mRmSjFCGWfs1giv9E8GFuPULXJuZdmFbL1w4nHsv59yDQ86UdpwPa2FxaXllNbeWX9/Y3Nq2d3brKogkoTUS8EA2MVKUM5/WNNOcNkNJkcCcNvDwKp03HqlULPDv9SikbYH6PusxgrShOvaBJ5AeSBHfJsWbY+hpJqiCGYlx/JB0yh274JScrOA8cCegACZV7dg/XjcgkaC+Jhwp1XKdULdjJDUjnCZ5L1I0RGSI+rRloI+MYjvOXkngkWG6sBdI076GGfv3IkZCqZHAZjP1qGZnKfnfrBXp3kU7Zn4YaeqTsVAv4lAHMM0FdpmkRPORAYhIZrxCMkASEW3Sm1LBWEw9EXdV6jUxQbmzscyDernknpVO704KlctJZDmwDw5BEbjgHFTANaiCGiDgCTyDV/BmvVjv1qf1NV5dsCY3e2CqrO9fQC+psA==</latexit>

O(N)→ Z2

<latexit sha1_base64="xoFQvvDpwGgVG+d7l9/QmIOe4W4="></latexit>

V (ω,ε) =
1

2
m2

ω,0ω
2 +

1

2
m2

ε,0ε
2 +

ϑω

8
(ω2)2 +

ϑε

8
ε4 +

ϑωε

4
ω2ε2 ,

<latexit sha1_base64="XS0KxH+dfNQVH8fyCnGBW8AeYGY=">AAACQnicbVDLSsNAFJ34rPUVdelmsAhuLEmx6kqKblxWsA9oYphMJu3QyYOZiVBCvsSvEVzpF/gL7kRw5cJJG4ptvXDh3HPu5d573JhRIQ3jXVtaXlldWy9tlDe3tnd29b39togSjkkLRyziXRcJwmhIWpJKRroxJyhwGem4w5tc7zwSLmgU3stRTOwA9UPqU4ykohy9bjHV7CHHigcUTgusitNpmU5ERWYPNXgFDUevGFVjHHARmAWogCKajv5teRFOAhJKzJAQPdOIpZ0iLilmJCtbiSAxwkPUJz0FQxQQYafj9zJ4rBgP+hFXGUo4Zv9OpCgQYhS4qjNAciDmtZz8T+sl0r+0UxrGiSQhnizyEwZlBHOvoEc5wZKNFECYU3UrxAPEEZbK0ZktrhvMPJF6Ir81U0aZ87Ysgnatap5X63dnlcZ1YVkJHIIjcAJMcAEa4BY0QQtg8ASewSt40160D+1T+5q0LmnFzAGYCe3nF+sjsNM=</latexit>

ωωωε → ω2
ωε > 0

Weinberg, Phys. Rev. D 9, 3357 (1974)



Two-scalar theory
Consider two coupled scalar fields with                     symmetry and scalar potential

<latexit sha1_base64="YslesaA24RjdZDPM3uVMfYsZGC0=">AAACLnicbVDLSgMxFM34rPU16tJNtAh1U2aKr2XRjSutYB/YKSVJ0zY0mRmSjFCGWfs1giv9E8GFuPULXJuZdmFbL1w4nHsv59yDQ86UdpwPa2FxaXllNbeWX9/Y3Nq2d3brKogkoTUS8EA2MVKUM5/WNNOcNkNJkcCcNvDwKp03HqlULPDv9SikbYH6PusxgrShOvaBJ5AeSBHfJsWbY+hpJqiCGYlx/JB0yh274JScrOA8cCegACZV7dg/XjcgkaC+Jhwp1XKdULdjJDUjnCZ5L1I0RGSI+rRloI+MYjvOXkngkWG6sBdI076GGfv3IkZCqZHAZjP1qGZnKfnfrBXp3kU7Zn4YaeqTsVAv4lAHMM0FdpmkRPORAYhIZrxCMkASEW3Sm1LBWEw9EXdV6jUxQbmzscyDernknpVO704KlctJZDmwDw5BEbjgHFTANaiCGiDgCTyDV/BmvVjv1qf1NV5dsCY3e2CqrO9fQC+psA==</latexit>

O(N)→ Z2

<latexit sha1_base64="xoFQvvDpwGgVG+d7l9/QmIOe4W4="></latexit>

V (ω,ε) =
1

2
m2

ω,0ω
2 +

1

2
m2

ε,0ε
2 +

ϑω

8
(ω2)2 +

ϑε

8
ε4 +

ϑωε

4
ω2ε2 ,

<latexit sha1_base64="XS0KxH+dfNQVH8fyCnGBW8AeYGY=">AAACQnicbVDLSsNAFJ34rPUVdelmsAhuLEmx6kqKblxWsA9oYphMJu3QyYOZiVBCvsSvEVzpF/gL7kRw5cJJG4ptvXDh3HPu5d573JhRIQ3jXVtaXlldWy9tlDe3tnd29b39togSjkkLRyziXRcJwmhIWpJKRroxJyhwGem4w5tc7zwSLmgU3stRTOwA9UPqU4ykohy9bjHV7CHHigcUTgusitNpmU5ERWYPNXgFDUevGFVjHHARmAWogCKajv5teRFOAhJKzJAQPdOIpZ0iLilmJCtbiSAxwkPUJz0FQxQQYafj9zJ4rBgP+hFXGUo4Zv9OpCgQYhS4qjNAciDmtZz8T+sl0r+0UxrGiSQhnizyEwZlBHOvoEc5wZKNFECYU3UrxAPEEZbK0ZktrhvMPJF6Ir81U0aZ87Ysgnatap5X63dnlcZ1YVkJHIIjcAJMcAEa4BY0QQtg8ASewSt40160D+1T+5q0LmnFzAGYCe3nF+sjsNM=</latexit>

ωωωε → ω2
ωε > 0

Thermal mass at leading order in the quartics
<latexit sha1_base64="Tp+lNRIJLgbBnRM8xtjFuRdadtI="></latexit>

m2
ω(T ) = m2

ω,0 + cT 2[3ωω +Nωεω]

Weinberg, Phys. Rev. D 9, 3357 (1974)



Two-scalar theory
Consider two coupled scalar fields with                     symmetry and scalar potential

<latexit sha1_base64="YslesaA24RjdZDPM3uVMfYsZGC0=">AAACLnicbVDLSgMxFM34rPU16tJNtAh1U2aKr2XRjSutYB/YKSVJ0zY0mRmSjFCGWfs1giv9E8GFuPULXJuZdmFbL1w4nHsv59yDQ86UdpwPa2FxaXllNbeWX9/Y3Nq2d3brKogkoTUS8EA2MVKUM5/WNNOcNkNJkcCcNvDwKp03HqlULPDv9SikbYH6PusxgrShOvaBJ5AeSBHfJsWbY+hpJqiCGYlx/JB0yh274JScrOA8cCegACZV7dg/XjcgkaC+Jhwp1XKdULdjJDUjnCZ5L1I0RGSI+rRloI+MYjvOXkngkWG6sBdI076GGfv3IkZCqZHAZjP1qGZnKfnfrBXp3kU7Zn4YaeqTsVAv4lAHMM0FdpmkRPORAYhIZrxCMkASEW3Sm1LBWEw9EXdV6jUxQbmzscyDernknpVO704KlctJZDmwDw5BEbjgHFTANaiCGiDgCTyDV/BmvVjv1qf1NV5dsCY3e2CqrO9fQC+psA==</latexit>

O(N)→ Z2

<latexit sha1_base64="xoFQvvDpwGgVG+d7l9/QmIOe4W4="></latexit>
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ω2ε2 ,

<latexit sha1_base64="XS0KxH+dfNQVH8fyCnGBW8AeYGY=">AAACQnicbVDLSsNAFJ34rPUVdelmsAhuLEmx6kqKblxWsA9oYphMJu3QyYOZiVBCvsSvEVzpF/gL7kRw5cJJG4ptvXDh3HPu5d573JhRIQ3jXVtaXlldWy9tlDe3tnd29b39togSjkkLRyziXRcJwmhIWpJKRroxJyhwGem4w5tc7zwSLmgU3stRTOwA9UPqU4ykohy9bjHV7CHHigcUTgusitNpmU5ERWYPNXgFDUevGFVjHHARmAWogCKajv5teRFOAhJKzJAQPdOIpZ0iLilmJCtbiSAxwkPUJz0FQxQQYafj9zJ4rBgP+hFXGUo4Zv9OpCgQYhS4qjNAciDmtZz8T+sl0r+0UxrGiSQhnizyEwZlBHOvoEc5wZKNFECYU3UrxAPEEZbK0ZktrhvMPJF6Ir81U0aZ87Ysgnatap5X63dnlcZ1YVkJHIIjcAJMcAEa4BY0QQtg8ASewSt40160D+1T+5q0LmnFzAGYCe3nF+sjsNM=</latexit>

ωωωε → ω2
ωε > 0

Thermal mass at leading order in the quartics
<latexit sha1_base64="Tp+lNRIJLgbBnRM8xtjFuRdadtI="></latexit>

m2
ω(T ) = m2

ω,0 + cT 2[3ωω +Nωεω]

Weinberg, Phys. Rev. D 9, 3357 (1974)

For               , choose                            
<latexit sha1_base64="YhUaIeCG2i6sg2zYMfWdpVPYVCU=">AAACJHicbVDLSsNAFJ34rPUVdeHCzWARXJVEfC1cFN24rGAf0IQwmUyaoTNJmJkIJeRrBFf6J+7EhRs/w7WTNgvbeuDC4Zx7ufceP2VUKsv6MpaWV1bX1msb9c2t7Z1dc2+/K5NMYNLBCUtE30eSMBqTjqKKkX4qCOI+Iz1/dFf6vSciJE3iRzVOicvRMKYhxUhpyTMPHaabA+TlThpR6OCIFvAGWp7ZsJrWBHCR2BVpgAptz/xxggRnnMQKMyTlwLZS5eZIKIoZKepOJkmK8AgNyUDTGHEi3XzyQAFPtBLAMBG6YgUn6t+JHHEpx9zXnRypSM57pfifN8hUeO3mNE4zRWI8XRRmDKoElmnAgAqCFRtrgrCg+laIIyQQVjqzmS2+z2eeyANZ3lrooOz5WBZJ96xpXzYvHs4brdsqsho4AsfgFNjgCrTAPWiDDsCgAM/gFbwZL8a78WF8TluXjGrmAMzA+P4Fgr2lIw==</latexit>

ωωε < 0
<latexit sha1_base64="n6KLW+Tgyfj99FTasOOdVdQD9rs=">AAACN3icbVDLSsNAFJ3UV62vqEs3g0UQFzXxvZKiG1dSwT6gCWEymbZDJw9mJkJJ8w9+jeBKf8OVO3HrxrWTNoJtPTBw5tx7uPceN2JUSMN40wpz8wuLS8Xl0srq2vqGvrnVEGHMManjkIW85SJBGA1IXVLJSCviBPkuI023f53Vmw+ECxoG93IQEdtH3YB2KEZSSY5+cAsv4TG0mLJ4yLFwj8JDOPz9J1akhExNh45eNirGCHCWmDkpgxw1R/+2vBDHPgkkZkiItmlE0k4QlxQzkpasWJAI4T7qkraiAfKJsJPRTSncU4oHOyFXL5BwpP51JMgXYuC7qtNHsiema5n4X60dy86FndAgiiUJ8HhQJ2ZQhjALCHqUEyzZQBGEOVW7QtxDHGGpYpyY4rr+xBGJJ7JdUxWUOR3LLGkcVcyzyundSbl6lUdWBDtgF+wDE5yDKrgBNVAHGDyCJ/ACXrVn7V370D7HrQUt92yDCWhfP8lyrGc=</latexit>

N > 3ωω/|ωεω| always broken at sufficiently high temperatures
<latexit sha1_base64="cHqOwSGBz5VXCpuSZMeVjmR0lcs=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZab4WhbduKxgH9gZSpJJ29AkMyQZoQzzG4Ir/RN34talP+LaTDsL23ogcDjnXu7JwTFn2rjut7Oyura+sVnaKm/v7O7tVw4O2zpKFKEtEvFIdTHSlDNJW4YZTruxokhgTjt4fJv7nSeqNIvkg5nENBBoKNmAEWSs5PsCmRHG6WPWr/crVbfmTgGXiVeQKijQ7Fd+/DAiiaDSEI607nlubIIUKcMIp1nZTzSNERmjIe1ZKpGgOkinmTN4apUQDiJlnzRwqv7dSJHQeiKwncwz6kUvF//zeokZXAcpk3FiqCSzQ4OEQxPBvAAYMkWJ4RNLEFHMZoVkhBQixtY0dwVjMfeJNNR51swW5S3Wskza9Zp3Wbu4P682borKSuAYnIAz4IEr0AB3oAlagIAYPINX8Oa8OO/Oh/M5G11xip0jMAfn6xePNqEk</latexit>Z2



Two-scalar theory
Consider two coupled scalar fields with                     symmetry and scalar potential

<latexit sha1_base64="YslesaA24RjdZDPM3uVMfYsZGC0=">AAACLnicbVDLSgMxFM34rPU16tJNtAh1U2aKr2XRjSutYB/YKSVJ0zY0mRmSjFCGWfs1giv9E8GFuPULXJuZdmFbL1w4nHsv59yDQ86UdpwPa2FxaXllNbeWX9/Y3Nq2d3brKogkoTUS8EA2MVKUM5/WNNOcNkNJkcCcNvDwKp03HqlULPDv9SikbYH6PusxgrShOvaBJ5AeSBHfJsWbY+hpJqiCGYlx/JB0yh274JScrOA8cCegACZV7dg/XjcgkaC+Jhwp1XKdULdjJDUjnCZ5L1I0RGSI+rRloI+MYjvOXkngkWG6sBdI076GGfv3IkZCqZHAZjP1qGZnKfnfrBXp3kU7Zn4YaeqTsVAv4lAHMM0FdpmkRPORAYhIZrxCMkASEW3Sm1LBWEw9EXdV6jUxQbmzscyDernknpVO704KlctJZDmwDw5BEbjgHFTANaiCGiDgCTyDV/BmvVjv1qf1NV5dsCY3e2CqrO9fQC+psA==</latexit>

O(N)→ Z2

<latexit sha1_base64="xoFQvvDpwGgVG+d7l9/QmIOe4W4="></latexit>
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<latexit sha1_base64="XS0KxH+dfNQVH8fyCnGBW8AeYGY=">AAACQnicbVDLSsNAFJ34rPUVdelmsAhuLEmx6kqKblxWsA9oYphMJu3QyYOZiVBCvsSvEVzpF/gL7kRw5cJJG4ptvXDh3HPu5d573JhRIQ3jXVtaXlldWy9tlDe3tnd29b39togSjkkLRyziXRcJwmhIWpJKRroxJyhwGem4w5tc7zwSLmgU3stRTOwA9UPqU4ykohy9bjHV7CHHigcUTgusitNpmU5ERWYPNXgFDUevGFVjHHARmAWogCKajv5teRFOAhJKzJAQPdOIpZ0iLilmJCtbiSAxwkPUJz0FQxQQYafj9zJ4rBgP+hFXGUo4Zv9OpCgQYhS4qjNAciDmtZz8T+sl0r+0UxrGiSQhnizyEwZlBHOvoEc5wZKNFECYU3UrxAPEEZbK0ZktrhvMPJF6Ir81U0aZ87Ysgnatap5X63dnlcZ1YVkJHIIjcAJMcAEa4BY0QQtg8ASewSt40160D+1T+5q0LmnFzAGYCe3nF+sjsNM=</latexit>

ωωωε → ω2
ωε > 0

Thermal mass at leading order in the quartics
<latexit sha1_base64="Tp+lNRIJLgbBnRM8xtjFuRdadtI="></latexit>

m2
ω(T ) = m2

ω,0 + cT 2[3ωω +Nωεω]

Weinberg, Phys. Rev. D 9, 3357 (1974)

For               , choose                            
<latexit sha1_base64="YhUaIeCG2i6sg2zYMfWdpVPYVCU=">AAACJHicbVDLSsNAFJ34rPUVdeHCzWARXJVEfC1cFN24rGAf0IQwmUyaoTNJmJkIJeRrBFf6J+7EhRs/w7WTNgvbeuDC4Zx7ufceP2VUKsv6MpaWV1bX1msb9c2t7Z1dc2+/K5NMYNLBCUtE30eSMBqTjqKKkX4qCOI+Iz1/dFf6vSciJE3iRzVOicvRMKYhxUhpyTMPHaabA+TlThpR6OCIFvAGWp7ZsJrWBHCR2BVpgAptz/xxggRnnMQKMyTlwLZS5eZIKIoZKepOJkmK8AgNyUDTGHEi3XzyQAFPtBLAMBG6YgUn6t+JHHEpx9zXnRypSM57pfifN8hUeO3mNE4zRWI8XRRmDKoElmnAgAqCFRtrgrCg+laIIyQQVjqzmS2+z2eeyANZ3lrooOz5WBZJ96xpXzYvHs4brdsqsho4AsfgFNjgCrTAPWiDDsCgAM/gFbwZL8a78WF8TluXjGrmAMzA+P4Fgr2lIw==</latexit>

ωωε < 0
<latexit sha1_base64="n6KLW+Tgyfj99FTasOOdVdQD9rs=">AAACN3icbVDLSsNAFJ3UV62vqEs3g0UQFzXxvZKiG1dSwT6gCWEymbZDJw9mJkJJ8w9+jeBKf8OVO3HrxrWTNoJtPTBw5tx7uPceN2JUSMN40wpz8wuLS8Xl0srq2vqGvrnVEGHMManjkIW85SJBGA1IXVLJSCviBPkuI023f53Vmw+ECxoG93IQEdtH3YB2KEZSSY5+cAsv4TG0mLJ4yLFwj8JDOPz9J1akhExNh45eNirGCHCWmDkpgxw1R/+2vBDHPgkkZkiItmlE0k4QlxQzkpasWJAI4T7qkraiAfKJsJPRTSncU4oHOyFXL5BwpP51JMgXYuC7qtNHsiema5n4X60dy86FndAgiiUJ8HhQJ2ZQhjALCHqUEyzZQBGEOVW7QtxDHGGpYpyY4rr+xBGJJ7JdUxWUOR3LLGkcVcyzyundSbl6lUdWBDtgF+wDE5yDKrgBNVAHGDyCJ/ACXrVn7V370D7HrQUt92yDCWhfP8lyrGc=</latexit>

N > 3ωω/|ωεω| always broken at sufficiently high temperatures
<latexit sha1_base64="cHqOwSGBz5VXCpuSZMeVjmR0lcs=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZab4WhbduKxgH9gZSpJJ29AkMyQZoQzzG4Ir/RN34talP+LaTDsL23ogcDjnXu7JwTFn2rjut7Oyura+sVnaKm/v7O7tVw4O2zpKFKEtEvFIdTHSlDNJW4YZTruxokhgTjt4fJv7nSeqNIvkg5nENBBoKNmAEWSs5PsCmRHG6WPWr/crVbfmTgGXiVeQKijQ7Fd+/DAiiaDSEI607nlubIIUKcMIp1nZTzSNERmjIe1ZKpGgOkinmTN4apUQDiJlnzRwqv7dSJHQeiKwncwz6kUvF//zeokZXAcpk3FiqCSzQ4OEQxPBvAAYMkWJ4RNLEFHMZoVkhBQixtY0dwVjMfeJNNR51swW5S3Wskza9Zp3Wbu4P682borKSuAYnIAz4IEr0AB3oAlagIAYPINX8Oa8OO/Oh/M5G11xip0jMAfn6xePNqEk</latexit>Z2

Is there a well-defined theory in three dimensions that shows this phenomenon?

Problem: perturbation theory breaks down at high temperatures



Towards a theory with persistent SSB

Chai et al., Phys. Rev. D 102, 065014 (2020)



Towards a theory with persistent SSB
If theory has non-trivial fixed-point at zero temperature: UV completion at fixed-point 

At            , the time domain compactifies: CFT at finite temperature
<latexit sha1_base64="8MEYKGj0TNHhaMULBdJIx803Zg4=">AAAB/HicbVA9SwNBEJ2LXzF+RS1tFoNgFe7Er0qCNpYRckkgOcLeZi9Zsrt37O4J4Yh/wVZ7O7H1v9j6S9wkV5jog4HHezPMzAsTzrRx3S+nsLK6tr5R3Cxtbe/s7pX3D5o6ThWhPol5rNoh1pQzSX3DDKftRFEsQk5b4ehu6rceqdIslg0zTmgg8ECyiBFsrOQ30A1ye+WKW3VnQH+Jl5MK5Kj3yt/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7doJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV72puJ/Xic10XWQMZmkhkoyXxSlHJkYTT9HfaYoMXxsCSaK2VsRGWKFibH5LGwJQzGxoXjLEfwlzbOqd1m9eDiv1G7zeIpwBMdwCh5cQQ3uoQ4+EGDwDC/w6jw5b8678zFvLTj5zCEswPn8AbNVlLY=</latexit>

T > 0

Chai et al., Phys. Rev. D 102, 065014 (2020)



Towards a theory with persistent SSB
If theory has non-trivial fixed-point at zero temperature: UV completion at fixed-point 

At            , the time domain compactifies: CFT at finite temperature
<latexit sha1_base64="8MEYKGj0TNHhaMULBdJIx803Zg4=">AAAB/HicbVA9SwNBEJ2LXzF+RS1tFoNgFe7Er0qCNpYRckkgOcLeZi9Zsrt37O4J4Yh/wVZ7O7H1v9j6S9wkV5jog4HHezPMzAsTzrRx3S+nsLK6tr5R3Cxtbe/s7pX3D5o6ThWhPol5rNoh1pQzSX3DDKftRFEsQk5b4ehu6rceqdIslg0zTmgg8ECyiBFsrOQ30A1ye+WKW3VnQH+Jl5MK5Kj3yt/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7doJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV72puJ/Xic10XWQMZmkhkoyXxSlHJkYTT9HfaYoMXxsCSaK2VsRGWKFibH5LGwJQzGxoXjLEfwlzbOqd1m9eDiv1G7zeIpwBMdwCh5cQQ3uoQ4+EGDwDC/w6jw5b8678zFvLTj5zCEswPn8AbNVlLY=</latexit>

T > 0
<latexit sha1_base64="zF/3p9fP4D3rtJPUFLe6rD+7HB8=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0VwVRPxtRGKunBZoS9oYphMb9uhk0mYmQgl9DP8CX/Bre7dSbf9EpO0C1s9MHDuOfdy7xw/4kxpy5oYhZXVtfWN4mZpa3tnd8/cP2iqMJYUGjTkoWz7RAFnAhqaaQ7tSAIJfA4tf3if+a0XkIqFoq5HEbgB6QvWY5ToVPLMM4cT0eeAnWjAsCPzwqvjW+x7uVR/TpwH4Jrk5dgzy1bFyoH/EntOymiOmmdOnW5I4wCEppwo1bGtSLsJkZpRDuOSEyuICB2SPnRSKkgAyk3yj43xSap0cS+U6RMa5+rviYQESo0CP+0MiB6oZS8T//M6se7duAkTUaxB0NmiXsyxDnGWEu4yCVTzUUoIlSy9FdMBkYTqNMuFLb4fZKHYyxH8Jc3zin1VuXy6KFfv5vEU0RE6RqfIRteoih5RDTUQRa/oHX2gT+PN+DK+jcmstWDMZw7RAozpDzQSpqQ=</latexit>

→ω↑T = bωT
!ωOne-point functions now enter CFT data, e.g. for order-parameter field    , 

<latexit sha1_base64="Bq4p2exav2n6CTnug7MUU4Ev0TY=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUAbymQ6aYfOTMLMRCghv+BW9+7ErR/j1i9x0mZhWw9cOJxzL/feE8ScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJve533mmSrNIPplpTH2BR5KFjGCTS/14zAbVmlt3Z0CrxCtIDQo0B9Wf/jAiiaDSEI617nlubPwUK8MIp1mln2gaYzLBI9qzVGJBtZ/Obs3QmVWGKIyULWnQTP07kWKh9VQEtlNgM9bLXi7+5/USE976KZNxYqgk80VhwpGJUP44GjJFieFTSzBRzN6KyBgrTIyNZ2FLEIjMhuItR7BK2hd177p+9XhZa9wV8ZThBE7hHDy4gQY8QBNaQGAML/AKb07mvDsfzue8teQUM8ewAOfrF4MWlUc=</latexit>

ω

Chai et al., Phys. Rev. D 102, 065014 (2020)



Towards a theory with persistent SSB
If theory has non-trivial fixed-point at zero temperature: UV completion at fixed-point 

At            , the time domain compactifies: CFT at finite temperature
<latexit sha1_base64="8MEYKGj0TNHhaMULBdJIx803Zg4=">AAAB/HicbVA9SwNBEJ2LXzF+RS1tFoNgFe7Er0qCNpYRckkgOcLeZi9Zsrt37O4J4Yh/wVZ7O7H1v9j6S9wkV5jog4HHezPMzAsTzrRx3S+nsLK6tr5R3Cxtbe/s7pX3D5o6ThWhPol5rNoh1pQzSX3DDKftRFEsQk5b4ehu6rceqdIslg0zTmgg8ECyiBFsrOQ30A1ye+WKW3VnQH+Jl5MK5Kj3yt/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7doJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV72puJ/Xic10XWQMZmkhkoyXxSlHJkYTT9HfaYoMXxsCSaK2VsRGWKFibH5LGwJQzGxoXjLEfwlzbOqd1m9eDiv1G7zeIpwBMdwCh5cQQ3uoQ4+EGDwDC/w6jw5b8678zFvLTj5zCEswPn8AbNVlLY=</latexit>

T > 0

<latexit sha1_base64="I4Nq9tDf6Dpym1pnT7v8bsmKsSI=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cE8oJkCbOzvcmQmdllZlYIS75A8KR/4k28+g/+iGcnyR5MtKChqOqmuytIONPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrOFUUWjTmseoGRANnElqGGQ7dRAERAYdOML6f+Z1HUJrFsmkmCfiCDCWLGCXGSo3moFxxq+4c+C/xclJBOeqD8nc/jGkqQBrKidY9z02MnxFlGOUwLfVTDQmhYzKEnqWSCNB+Nj90is+sEuIoVrakwXP190RGhNYTEdhOQcxIr3oz8T+vl5ro1s+YTFIDki4WRSnHJsazr3HIFFDDJ5YQqpi9FdMRUYQam83SliAQS09koZ7dOrVBeaux/CXti6p3Xb1qXFZqd3lkRXSCTtE58tANqqEHVEctRBGgJ/SCXp1n5815dz4WrQUnnzlGS3A+fwCo4Zxd</latexit>

T

<latexit sha1_base64="6bE/6iL/HNlXX21JVuB1+jGx+kY=">AAACFXicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cdmCfWAbymQyaYfOTMLMjVhC/0JwpX/iTty69kdcO2mzsNUDFw7n3Mu99/gxZxoc58sqrKyurW8UN0tb2zu7e+X9g7aOEkVoi0Q8Ul0fa8qZpC1gwGk3VhQLn9OOP65nfueBKs0ieQeTmHoCDyULGcFgpPs+0EdIm/XGdFCuOFVnBvsvcXNSQTkag/J3P4hIIqgEwrHWPdeJwUuxAkY4nZb6iaYxJmM8pD1DJRZUe+ns4ql9YpTADiNlSoI9U39PpFhoPRG+6RQYRnrZy8T/vF4C4bWXMhknQCWZLwoTbkNkZ+/bAVOUAJ8Ygoli5labjLDCBExIC1t8Xyw8kQY6uzULyl2O5S9pn1Xdy+pF87xSu8kjK6IjdIxOkYuuUA3dogZqIYIkekIv6NV6tt6sd+tj3lqw8plDtADr8wcZOaBg</latexit>

QCP

<latexit sha1_base64="y0cIk75rWknxAF8EIkENLoEoajg=">AAACIHicbVDLSsNAFJ3UV62vaJduBovgqiTia1l047KCfUAbymRy0w6dyYSZiVBCv0VwpX/iTlzqh7g2abOwrQcGDufcyz1z/JgzbRznyyqtrW9sbpW3Kzu7e/sH9uFRW8tEUWhRyaXq+kQDZxG0DDMcurECInwOHX98l/udJ1CayejRTGLwBBlGLGSUmEwa2NW+IGakRBowLVUACoLpwK45dWcGvErcgtRQgebA/ukHkiYCIkM50brnOrHxUqIMoxymlX6iISZ0TIbQy2hEBGgvnYWf4tNMCXAoVfYig2fq342UCK0nws8m86h62cvF/7xeYsIbL2VRnBiI6PxQmHBsJM6bwAFTQA2fZIRQxbKsmI6IItRkfS1c8X2x8Ik00HnWvCh3uZZV0j6vu1f1y4eLWuO2qKyMjtEJOkMuukYNdI+aqIUomqBn9IrerBfr3fqwPuejJavYqaIFWN+/wbKk8A==</latexit>

disordered

<latexit sha1_base64="k0xN4JxMCk1QvejHNpOR2iw5WSE=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSy6cVnBPqANZTK5aYfOJGFmUiihfyK40j9xJ27FH3HtpM3Cth4YOJxzL/fM8RPOlHacb6u0tr6xuVXeruzs7u0f2IdHLRWnkkKTxjyWHZ8o4CyCpmaaQyeRQITPoe2P7nO/PQapWBw96UkCniCDiIWMEm2kvm33BNFDKbJYBiAhmPbtqlNzZsCrxC1IFRVo9O2fXhDTVECkKSdKdV0n0V5GpGaUw7TSSxUkhI7IALqGRkSA8rJZ8ik+M0qAw1iaF2k8U/9uZEQoNRG+mcxzqmUvF//zuqkOb72MRUmqIaLzQ2HKsY5xXgMOmASq+cQQQiUzWTEdEkmoNmUtXPF9sfCJLFB51rwod7mWVdK6qLnXtavHy2r9rqisjE7QKTpHLrpBdfSAGqiJKBqjZ/SK3qwX6936sD7noyWr2DlGC7C+fgEqbqOS</latexit>

ordered

<latexit sha1_base64="zE2pTeADVDwXoHMR7Wj7KKa/oTs=">AAACH3icbVDLSgMxFM3UV62vsS7dBIvgapgRX8uiG5cV7APaUjJp2oYmmSG5Iy1Df0VwpX/iTtz2R1ybabuwrQcCh3Pu5Z6cMBbcgO9PndzG5tb2Tn63sLd/cHjkHhdrJko0ZVUaiUg3QmKY4IpVgYNgjVgzIkPB6uHwIfPrL0wbHqlnGMesLUlf8R6nBKzUcYstYCNIIVEejokm0pt03JLv+TPgdRIsSAktUOm4P61uRBPJFFBBjGkGfgztlGjgVLBJoZUYFhM6JH3WtFQRyUw7nWWf4HOrdHEv0vYpwDP170ZKpDFjGdpJSWBgVr1M/M9rJtC7a6dcxQkwReeHeonAEOGsCNzlmlEQY0sI1dxmxXRgG6Bg61q6EoZy6RNp12RZs6KC1VrWSe3SC26866erUvl+UVkenaIzdIECdIvK6BFVUBVRNEKv6B19OG/Op/PlfM9Hc85i5wQtwZn+AuJUo+E=</latexit>

tun. param.

<latexit sha1_base64="Lvn3zc/PzLZfMPL3w3n2YUdVQ/8=">AAACFXicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdRGCXjxGMA9MljA7O5sMmZldZmaFsOQvBE/6J97Eq2d/xLOzSQ4msaChqOqmuytIONPGdb+dpeWV1bX1wkZxc2t7Z7e0t9/QcaoIrZOYx6oVYE05k7RumOG0lSiKRcBpMxjc5n7ziSrNYvlghgn1Be5JFjGCjZUeg24n6TN0jdxuqexW3DHQIvGmpAxT1Lqln04Yk1RQaQjHWrc9NzF+hpVhhNNRsZNqmmAywD3atlRiQbWfjS8eoWOrhCiKlS1p0Fj9O5FhofVQBLZTYNPX814u/ue1UxNd+RmTSWqoJJNFUcqRiVH+PgqZosTwoSWYKGZvRaSPFSbGhjSzJQjEzBNZqPNbRzYobz6WRdI4rXgXlfP7s3L1ZhpZAQ7hCE7Ag0uowh3UoA4EJDzDK7w5L8678+F8TlqXnOnMAczA+foFhhefbg==</latexit>

bω = 0

<latexit sha1_base64="zF/3p9fP4D3rtJPUFLe6rD+7HB8=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0VwVRPxtRGKunBZoS9oYphMb9uhk0mYmQgl9DP8CX/Bre7dSbf9EpO0C1s9MHDuOfdy7xw/4kxpy5oYhZXVtfWN4mZpa3tnd8/cP2iqMJYUGjTkoWz7RAFnAhqaaQ7tSAIJfA4tf3if+a0XkIqFoq5HEbgB6QvWY5ToVPLMM4cT0eeAnWjAsCPzwqvjW+x7uVR/TpwH4Jrk5dgzy1bFyoH/EntOymiOmmdOnW5I4wCEppwo1bGtSLsJkZpRDuOSEyuICB2SPnRSKkgAyk3yj43xSap0cS+U6RMa5+rviYQESo0CP+0MiB6oZS8T//M6se7duAkTUaxB0NmiXsyxDnGWEu4yCVTzUUoIlSy9FdMBkYTqNMuFLb4fZKHYyxH8Jc3zin1VuXy6KFfv5vEU0RE6RqfIRteoih5RDTUQRa/oHX2gT+PN+DK+jcmstWDMZw7RAozpDzQSpqQ=</latexit>

→ω↑T = bωT
!ωOne-point functions now enter CFT data, e.g. for order-parameter field    , 

<latexit sha1_base64="Bq4p2exav2n6CTnug7MUU4Ev0TY=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUAbymQ6aYfOTMLMRCghv+BW9+7ErR/j1i9x0mZhWw9cOJxzL/feE8ScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJve533mmSrNIPplpTH2BR5KFjGCTS/14zAbVmlt3Z0CrxCtIDQo0B9Wf/jAiiaDSEI617nlubPwUK8MIp1mln2gaYzLBI9qzVGJBtZ/Obs3QmVWGKIyULWnQTP07kWKh9VQEtlNgM9bLXi7+5/USE976KZNxYqgk80VhwpGJUP44GjJFieFTSzBRzN6KyBgrTIyNZ2FLEIjMhuItR7BK2hd177p+9XhZa9wV8ZThBE7hHDy4gQY8QBNaQGAML/AKb07mvDsfzue8teQUM8ewAOfrF4MWlUc=</latexit>

ω

Chai et al., Phys. Rev. D 102, 065014 (2020)



Towards a theory with persistent SSB
If theory has non-trivial fixed-point at zero temperature: UV completion at fixed-point 

At            , the time domain compactifies: CFT at finite temperature
<latexit sha1_base64="8MEYKGj0TNHhaMULBdJIx803Zg4=">AAAB/HicbVA9SwNBEJ2LXzF+RS1tFoNgFe7Er0qCNpYRckkgOcLeZi9Zsrt37O4J4Yh/wVZ7O7H1v9j6S9wkV5jog4HHezPMzAsTzrRx3S+nsLK6tr5R3Cxtbe/s7pX3D5o6ThWhPol5rNoh1pQzSX3DDKftRFEsQk5b4ehu6rceqdIslg0zTmgg8ECyiBFsrOQ30A1ye+WKW3VnQH+Jl5MK5Kj3yt/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7doJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV72puJ/Xic10XWQMZmkhkoyXxSlHJkYTT9HfaYoMXxsCSaK2VsRGWKFibH5LGwJQzGxoXjLEfwlzbOqd1m9eDiv1G7zeIpwBMdwCh5cQQ3uoQ4+EGDwDC/w6jw5b8678zFvLTj5zCEswPn8AbNVlLY=</latexit>

T > 0

<latexit sha1_base64="I4Nq9tDf6Dpym1pnT7v8bsmKsSI=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cE8oJkCbOzvcmQmdllZlYIS75A8KR/4k28+g/+iGcnyR5MtKChqOqmuytIONPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrOFUUWjTmseoGRANnElqGGQ7dRAERAYdOML6f+Z1HUJrFsmkmCfiCDCWLGCXGSo3moFxxq+4c+C/xclJBOeqD8nc/jGkqQBrKidY9z02MnxFlGOUwLfVTDQmhYzKEnqWSCNB+Nj90is+sEuIoVrakwXP190RGhNYTEdhOQcxIr3oz8T+vl5ro1s+YTFIDki4WRSnHJsazr3HIFFDDJ5YQqpi9FdMRUYQam83SliAQS09koZ7dOrVBeaux/CXti6p3Xb1qXFZqd3lkRXSCTtE58tANqqEHVEctRBGgJ/SCXp1n5815dz4WrQUnnzlGS3A+fwCo4Zxd</latexit>

T

<latexit sha1_base64="6bE/6iL/HNlXX21JVuB1+jGx+kY=">AAACFXicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cdmCfWAbymQyaYfOTMLMjVhC/0JwpX/iTty69kdcO2mzsNUDFw7n3Mu99/gxZxoc58sqrKyurW8UN0tb2zu7e+X9g7aOEkVoi0Q8Ul0fa8qZpC1gwGk3VhQLn9OOP65nfueBKs0ieQeTmHoCDyULGcFgpPs+0EdIm/XGdFCuOFVnBvsvcXNSQTkag/J3P4hIIqgEwrHWPdeJwUuxAkY4nZb6iaYxJmM8pD1DJRZUe+ns4ql9YpTADiNlSoI9U39PpFhoPRG+6RQYRnrZy8T/vF4C4bWXMhknQCWZLwoTbkNkZ+/bAVOUAJ8Ygoli5labjLDCBExIC1t8Xyw8kQY6uzULyl2O5S9pn1Xdy+pF87xSu8kjK6IjdIxOkYuuUA3dogZqIYIkekIv6NV6tt6sd+tj3lqw8plDtADr8wcZOaBg</latexit>

QCP

<latexit sha1_base64="y0cIk75rWknxAF8EIkENLoEoajg=">AAACIHicbVDLSsNAFJ3UV62vaJduBovgqiTia1l047KCfUAbymRy0w6dyYSZiVBCv0VwpX/iTlzqh7g2abOwrQcGDufcyz1z/JgzbRznyyqtrW9sbpW3Kzu7e/sH9uFRW8tEUWhRyaXq+kQDZxG0DDMcurECInwOHX98l/udJ1CayejRTGLwBBlGLGSUmEwa2NW+IGakRBowLVUACoLpwK45dWcGvErcgtRQgebA/ukHkiYCIkM50brnOrHxUqIMoxymlX6iISZ0TIbQy2hEBGgvnYWf4tNMCXAoVfYig2fq342UCK0nws8m86h62cvF/7xeYsIbL2VRnBiI6PxQmHBsJM6bwAFTQA2fZIRQxbKsmI6IItRkfS1c8X2x8Ik00HnWvCh3uZZV0j6vu1f1y4eLWuO2qKyMjtEJOkMuukYNdI+aqIUomqBn9IrerBfr3fqwPuejJavYqaIFWN+/wbKk8A==</latexit>

disordered

<latexit sha1_base64="k0xN4JxMCk1QvejHNpOR2iw5WSE=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSy6cVnBPqANZTK5aYfOJGFmUiihfyK40j9xJ27FH3HtpM3Cth4YOJxzL/fM8RPOlHacb6u0tr6xuVXeruzs7u0f2IdHLRWnkkKTxjyWHZ8o4CyCpmaaQyeRQITPoe2P7nO/PQapWBw96UkCniCDiIWMEm2kvm33BNFDKbJYBiAhmPbtqlNzZsCrxC1IFRVo9O2fXhDTVECkKSdKdV0n0V5GpGaUw7TSSxUkhI7IALqGRkSA8rJZ8ik+M0qAw1iaF2k8U/9uZEQoNRG+mcxzqmUvF//zuqkOb72MRUmqIaLzQ2HKsY5xXgMOmASq+cQQQiUzWTEdEkmoNmUtXPF9sfCJLFB51rwod7mWVdK6qLnXtavHy2r9rqisjE7QKTpHLrpBdfSAGqiJKBqjZ/SK3qwX6936sD7noyWr2DlGC7C+fgEqbqOS</latexit>

ordered

<latexit sha1_base64="zE2pTeADVDwXoHMR7Wj7KKa/oTs=">AAACH3icbVDLSgMxFM3UV62vsS7dBIvgapgRX8uiG5cV7APaUjJp2oYmmSG5Iy1Df0VwpX/iTtz2R1ybabuwrQcCh3Pu5Z6cMBbcgO9PndzG5tb2Tn63sLd/cHjkHhdrJko0ZVUaiUg3QmKY4IpVgYNgjVgzIkPB6uHwIfPrL0wbHqlnGMesLUlf8R6nBKzUcYstYCNIIVEejokm0pt03JLv+TPgdRIsSAktUOm4P61uRBPJFFBBjGkGfgztlGjgVLBJoZUYFhM6JH3WtFQRyUw7nWWf4HOrdHEv0vYpwDP170ZKpDFjGdpJSWBgVr1M/M9rJtC7a6dcxQkwReeHeonAEOGsCNzlmlEQY0sI1dxmxXRgG6Bg61q6EoZy6RNp12RZs6KC1VrWSe3SC26866erUvl+UVkenaIzdIECdIvK6BFVUBVRNEKv6B19OG/Op/PlfM9Hc85i5wQtwZn+AuJUo+E=</latexit>

tun. param.

<latexit sha1_base64="62EdsCKWIHMqdAI7UN0B5/cLAkA=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUZ8LYtuXFawD+gMJclk2tAkM00yQhn6HYIr/RN34tadP+LaTDsL23ogcDjnXu7JwQln2rjut7Oyura+sVnaKm/v7O7tVw4OWzpOFaFNEvNYdTDSlDNJm4YZTjuJokhgTtt4eJf77SeqNIvloxknNBCoL1nECDJWCnDPTwYM+pKOoNurVN2aOwVcJl5BqqBAo1f58cOYpIJKQzjSuuu5iQkypAwjnE7KfqppgsgQ9WnXUokE1UE2DT2Bp1YJYRQr+6SBU/XvRoaE1mOB7aRAZqAXvVz8z+umJroJMiaT1FBJZoeilEMTw7wBGDJFieFjSxBRzGaFZIAUIsb2NHcFYzH3iSzUedaJLcpbrGWZtM5r3lXt8uGiWr8tKiuBY3ACzoAHrkEd3IMGaAICRuAZvII358V5dz6cz9noilPsHIE5OF+/TiWg7w==</latexit>

bω →= 0
<latexit sha1_base64="I4Nq9tDf6Dpym1pnT7v8bsmKsSI=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cE8oJkCbOzvcmQmdllZlYIS75A8KR/4k28+g/+iGcnyR5MtKChqOqmuytIONPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrOFUUWjTmseoGRANnElqGGQ7dRAERAYdOML6f+Z1HUJrFsmkmCfiCDCWLGCXGSo3moFxxq+4c+C/xclJBOeqD8nc/jGkqQBrKidY9z02MnxFlGOUwLfVTDQmhYzKEnqWSCNB+Nj90is+sEuIoVrakwXP190RGhNYTEdhOQcxIr3oz8T+vl5ro1s+YTFIDki4WRSnHJsazr3HIFFDDJ5YQqpi9FdMRUYQam83SliAQS09koZ7dOrVBeaux/CXti6p3Xb1qXFZqd3lkRXSCTtE58tANqqEHVEctRBGgJ/SCXp1n5815dz4WrQUnnzlGS3A+fwCo4Zxd</latexit>

T

<latexit sha1_base64="6bE/6iL/HNlXX21JVuB1+jGx+kY=">AAACFXicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cdmCfWAbymQyaYfOTMLMjVhC/0JwpX/iTty69kdcO2mzsNUDFw7n3Mu99/gxZxoc58sqrKyurW8UN0tb2zu7e+X9g7aOEkVoi0Q8Ul0fa8qZpC1gwGk3VhQLn9OOP65nfueBKs0ieQeTmHoCDyULGcFgpPs+0EdIm/XGdFCuOFVnBvsvcXNSQTkag/J3P4hIIqgEwrHWPdeJwUuxAkY4nZb6iaYxJmM8pD1DJRZUe+ns4ql9YpTADiNlSoI9U39PpFhoPRG+6RQYRnrZy8T/vF4C4bWXMhknQCWZLwoTbkNkZ+/bAVOUAJ8Ygoli5labjLDCBExIC1t8Xyw8kQY6uzULyl2O5S9pn1Xdy+pF87xSu8kjK6IjdIxOkYuuUA3dogZqIYIkekIv6NV6tt6sd+tj3lqw8plDtADr8wcZOaBg</latexit>

QCP

<latexit sha1_base64="y0cIk75rWknxAF8EIkENLoEoajg=">AAACIHicbVDLSsNAFJ3UV62vaJduBovgqiTia1l047KCfUAbymRy0w6dyYSZiVBCv0VwpX/iTlzqh7g2abOwrQcGDufcyz1z/JgzbRznyyqtrW9sbpW3Kzu7e/sH9uFRW8tEUWhRyaXq+kQDZxG0DDMcurECInwOHX98l/udJ1CayejRTGLwBBlGLGSUmEwa2NW+IGakRBowLVUACoLpwK45dWcGvErcgtRQgebA/ukHkiYCIkM50brnOrHxUqIMoxymlX6iISZ0TIbQy2hEBGgvnYWf4tNMCXAoVfYig2fq342UCK0nws8m86h62cvF/7xeYsIbL2VRnBiI6PxQmHBsJM6bwAFTQA2fZIRQxbKsmI6IItRkfS1c8X2x8Ik00HnWvCh3uZZV0j6vu1f1y4eLWuO2qKyMjtEJOkMuukYNdI+aqIUomqBn9IrerBfr3fqwPuejJavYqaIFWN+/wbKk8A==</latexit>

disordered

<latexit sha1_base64="k0xN4JxMCk1QvejHNpOR2iw5WSE=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSy6cVnBPqANZTK5aYfOJGFmUiihfyK40j9xJ27FH3HtpM3Cth4YOJxzL/fM8RPOlHacb6u0tr6xuVXeruzs7u0f2IdHLRWnkkKTxjyWHZ8o4CyCpmaaQyeRQITPoe2P7nO/PQapWBw96UkCniCDiIWMEm2kvm33BNFDKbJYBiAhmPbtqlNzZsCrxC1IFRVo9O2fXhDTVECkKSdKdV0n0V5GpGaUw7TSSxUkhI7IALqGRkSA8rJZ8ik+M0qAw1iaF2k8U/9uZEQoNRG+mcxzqmUvF//zuqkOb72MRUmqIaLzQ2HKsY5xXgMOmASq+cQQQiUzWTEdEkmoNmUtXPF9sfCJLFB51rwod7mWVdK6qLnXtavHy2r9rqisjE7QKTpHLrpBdfSAGqiJKBqjZ/SK3qwX6936sD7noyWr2DlGC7C+fgEqbqOS</latexit>

ordered

<latexit sha1_base64="zE2pTeADVDwXoHMR7Wj7KKa/oTs=">AAACH3icbVDLSgMxFM3UV62vsS7dBIvgapgRX8uiG5cV7APaUjJp2oYmmSG5Iy1Df0VwpX/iTtz2R1ybabuwrQcCh3Pu5Z6cMBbcgO9PndzG5tb2Tn63sLd/cHjkHhdrJko0ZVUaiUg3QmKY4IpVgYNgjVgzIkPB6uHwIfPrL0wbHqlnGMesLUlf8R6nBKzUcYstYCNIIVEejokm0pt03JLv+TPgdRIsSAktUOm4P61uRBPJFFBBjGkGfgztlGjgVLBJoZUYFhM6JH3WtFQRyUw7nWWf4HOrdHEv0vYpwDP170ZKpDFjGdpJSWBgVr1M/M9rJtC7a6dcxQkwReeHeonAEOGsCNzlmlEQY0sI1dxmxXRgG6Bg61q6EoZy6RNp12RZs6KC1VrWSe3SC26866erUvl+UVkenaIzdIECdIvK6BFVUBVRNEKv6B19OG/Op/PlfM9Hc85i5wQtwZn+AuJUo+E=</latexit>

tun. param.

<latexit sha1_base64="Lvn3zc/PzLZfMPL3w3n2YUdVQ/8=">AAACFXicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdRGCXjxGMA9MljA7O5sMmZldZmaFsOQvBE/6J97Eq2d/xLOzSQ4msaChqOqmuytIONPGdb+dpeWV1bX1wkZxc2t7Z7e0t9/QcaoIrZOYx6oVYE05k7RumOG0lSiKRcBpMxjc5n7ziSrNYvlghgn1Be5JFjGCjZUeg24n6TN0jdxuqexW3DHQIvGmpAxT1Lqln04Yk1RQaQjHWrc9NzF+hpVhhNNRsZNqmmAywD3atlRiQbWfjS8eoWOrhCiKlS1p0Fj9O5FhofVQBLZTYNPX814u/ue1UxNd+RmTSWqoJJNFUcqRiVH+PgqZosTwoSWYKGZvRaSPFSbGhjSzJQjEzBNZqPNbRzYobz6WRdI4rXgXlfP7s3L1ZhpZAQ7hCE7Ag0uowh3UoA4EJDzDK7w5L8678+F8TlqXnOnMAczA+foFhhefbg==</latexit>

bω = 0

<latexit sha1_base64="zF/3p9fP4D3rtJPUFLe6rD+7HB8=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0VwVRPxtRGKunBZoS9oYphMb9uhk0mYmQgl9DP8CX/Bre7dSbf9EpO0C1s9MHDuOfdy7xw/4kxpy5oYhZXVtfWN4mZpa3tnd8/cP2iqMJYUGjTkoWz7RAFnAhqaaQ7tSAIJfA4tf3if+a0XkIqFoq5HEbgB6QvWY5ToVPLMM4cT0eeAnWjAsCPzwqvjW+x7uVR/TpwH4Jrk5dgzy1bFyoH/EntOymiOmmdOnW5I4wCEppwo1bGtSLsJkZpRDuOSEyuICB2SPnRSKkgAyk3yj43xSap0cS+U6RMa5+rviYQESo0CP+0MiB6oZS8T//M6se7duAkTUaxB0NmiXsyxDnGWEu4yCVTzUUoIlSy9FdMBkYTqNMuFLb4fZKHYyxH8Jc3zin1VuXy6KFfv5vEU0RE6RqfIRteoih5RDTUQRa/oHX2gT+PN+DK+jcmstWDMZw7RAozpDzQSpqQ=</latexit>

→ω↑T = bωT
!ωOne-point functions now enter CFT data, e.g. for order-parameter field    , 

<latexit sha1_base64="Bq4p2exav2n6CTnug7MUU4Ev0TY=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUAbymQ6aYfOTMLMRCghv+BW9+7ErR/j1i9x0mZhWw9cOJxzL/feE8ScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJve533mmSrNIPplpTH2BR5KFjGCTS/14zAbVmlt3Z0CrxCtIDQo0B9Wf/jAiiaDSEI617nlubPwUK8MIp1mln2gaYzLBI9qzVGJBtZ/Obs3QmVWGKIyULWnQTP07kWKh9VQEtlNgM9bLXi7+5/USE976KZNxYqgk80VhwpGJUP44GjJFieFTSzBRzN6KyBgrTIyNZ2FLEIjMhuItR7BK2hd177p+9XhZa9wV8ZThBE7hHDy4gQY8QBNaQGAML/AKb07mvDsfzue8teQUM8ewAOfrF4MWlUc=</latexit>

ω

Chai et al., Phys. Rev. D 102, 065014 (2020)



Towards a theory with persistent SSB
If theory has non-trivial fixed-point at zero temperature: UV completion at fixed-point 

At            , the time domain compactifies: CFT at finite temperature
<latexit sha1_base64="8MEYKGj0TNHhaMULBdJIx803Zg4=">AAAB/HicbVA9SwNBEJ2LXzF+RS1tFoNgFe7Er0qCNpYRckkgOcLeZi9Zsrt37O4J4Yh/wVZ7O7H1v9j6S9wkV5jog4HHezPMzAsTzrRx3S+nsLK6tr5R3Cxtbe/s7pX3D5o6ThWhPol5rNoh1pQzSX3DDKftRFEsQk5b4ehu6rceqdIslg0zTmgg8ECyiBFsrOQ30A1ye+WKW3VnQH+Jl5MK5Kj3yt/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7doJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV72puJ/Xic10XWQMZmkhkoyXxSlHJkYTT9HfaYoMXxsCSaK2VsRGWKFibH5LGwJQzGxoXjLEfwlzbOqd1m9eDiv1G7zeIpwBMdwCh5cQQ3uoQ4+EGDwDC/w6jw5b8678zFvLTj5zCEswPn8AbNVlLY=</latexit>

T > 0

<latexit sha1_base64="I4Nq9tDf6Dpym1pnT7v8bsmKsSI=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cE8oJkCbOzvcmQmdllZlYIS75A8KR/4k28+g/+iGcnyR5MtKChqOqmuytIONPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrOFUUWjTmseoGRANnElqGGQ7dRAERAYdOML6f+Z1HUJrFsmkmCfiCDCWLGCXGSo3moFxxq+4c+C/xclJBOeqD8nc/jGkqQBrKidY9z02MnxFlGOUwLfVTDQmhYzKEnqWSCNB+Nj90is+sEuIoVrakwXP190RGhNYTEdhOQcxIr3oz8T+vl5ro1s+YTFIDki4WRSnHJsazr3HIFFDDJ5YQqpi9FdMRUYQam83SliAQS09koZ7dOrVBeaux/CXti6p3Xb1qXFZqd3lkRXSCTtE58tANqqEHVEctRBGgJ/SCXp1n5815dz4WrQUnnzlGS3A+fwCo4Zxd</latexit>

T

<latexit sha1_base64="6bE/6iL/HNlXX21JVuB1+jGx+kY=">AAACFXicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cdmCfWAbymQyaYfOTMLMjVhC/0JwpX/iTty69kdcO2mzsNUDFw7n3Mu99/gxZxoc58sqrKyurW8UN0tb2zu7e+X9g7aOEkVoi0Q8Ul0fa8qZpC1gwGk3VhQLn9OOP65nfueBKs0ieQeTmHoCDyULGcFgpPs+0EdIm/XGdFCuOFVnBvsvcXNSQTkag/J3P4hIIqgEwrHWPdeJwUuxAkY4nZb6iaYxJmM8pD1DJRZUe+ns4ql9YpTADiNlSoI9U39PpFhoPRG+6RQYRnrZy8T/vF4C4bWXMhknQCWZLwoTbkNkZ+/bAVOUAJ8Ygoli5labjLDCBExIC1t8Xyw8kQY6uzULyl2O5S9pn1Xdy+pF87xSu8kjK6IjdIxOkYuuUA3dogZqIYIkekIv6NV6tt6sd+tj3lqw8plDtADr8wcZOaBg</latexit>

QCP

<latexit sha1_base64="y0cIk75rWknxAF8EIkENLoEoajg=">AAACIHicbVDLSsNAFJ3UV62vaJduBovgqiTia1l047KCfUAbymRy0w6dyYSZiVBCv0VwpX/iTlzqh7g2abOwrQcGDufcyz1z/JgzbRznyyqtrW9sbpW3Kzu7e/sH9uFRW8tEUWhRyaXq+kQDZxG0DDMcurECInwOHX98l/udJ1CayejRTGLwBBlGLGSUmEwa2NW+IGakRBowLVUACoLpwK45dWcGvErcgtRQgebA/ukHkiYCIkM50brnOrHxUqIMoxymlX6iISZ0TIbQy2hEBGgvnYWf4tNMCXAoVfYig2fq342UCK0nws8m86h62cvF/7xeYsIbL2VRnBiI6PxQmHBsJM6bwAFTQA2fZIRQxbKsmI6IItRkfS1c8X2x8Ik00HnWvCh3uZZV0j6vu1f1y4eLWuO2qKyMjtEJOkMuukYNdI+aqIUomqBn9IrerBfr3fqwPuejJavYqaIFWN+/wbKk8A==</latexit>

disordered

<latexit sha1_base64="k0xN4JxMCk1QvejHNpOR2iw5WSE=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSy6cVnBPqANZTK5aYfOJGFmUiihfyK40j9xJ27FH3HtpM3Cth4YOJxzL/fM8RPOlHacb6u0tr6xuVXeruzs7u0f2IdHLRWnkkKTxjyWHZ8o4CyCpmaaQyeRQITPoe2P7nO/PQapWBw96UkCniCDiIWMEm2kvm33BNFDKbJYBiAhmPbtqlNzZsCrxC1IFRVo9O2fXhDTVECkKSdKdV0n0V5GpGaUw7TSSxUkhI7IALqGRkSA8rJZ8ik+M0qAw1iaF2k8U/9uZEQoNRG+mcxzqmUvF//zuqkOb72MRUmqIaLzQ2HKsY5xXgMOmASq+cQQQiUzWTEdEkmoNmUtXPF9sfCJLFB51rwod7mWVdK6qLnXtavHy2r9rqisjE7QKTpHLrpBdfSAGqiJKBqjZ/SK3qwX6936sD7noyWr2DlGC7C+fgEqbqOS</latexit>

ordered

<latexit sha1_base64="zE2pTeADVDwXoHMR7Wj7KKa/oTs=">AAACH3icbVDLSgMxFM3UV62vsS7dBIvgapgRX8uiG5cV7APaUjJp2oYmmSG5Iy1Df0VwpX/iTtz2R1ybabuwrQcCh3Pu5Z6cMBbcgO9PndzG5tb2Tn63sLd/cHjkHhdrJko0ZVUaiUg3QmKY4IpVgYNgjVgzIkPB6uHwIfPrL0wbHqlnGMesLUlf8R6nBKzUcYstYCNIIVEejokm0pt03JLv+TPgdRIsSAktUOm4P61uRBPJFFBBjGkGfgztlGjgVLBJoZUYFhM6JH3WtFQRyUw7nWWf4HOrdHEv0vYpwDP170ZKpDFjGdpJSWBgVr1M/M9rJtC7a6dcxQkwReeHeonAEOGsCNzlmlEQY0sI1dxmxXRgG6Bg61q6EoZy6RNp12RZs6KC1VrWSe3SC26866erUvl+UVkenaIzdIECdIvK6BFVUBVRNEKv6B19OG/Op/PlfM9Hc85i5wQtwZn+AuJUo+E=</latexit>

tun. param.

<latexit sha1_base64="62EdsCKWIHMqdAI7UN0B5/cLAkA=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUZ8LYtuXFawD+gMJclk2tAkM00yQhn6HYIr/RN34tadP+LaTDsL23ogcDjnXu7JwQln2rjut7Oyura+sVnaKm/v7O7tVw4OWzpOFaFNEvNYdTDSlDNJm4YZTjuJokhgTtt4eJf77SeqNIvloxknNBCoL1nECDJWCnDPTwYM+pKOoNurVN2aOwVcJl5BqqBAo1f58cOYpIJKQzjSuuu5iQkypAwjnE7KfqppgsgQ9WnXUokE1UE2DT2Bp1YJYRQr+6SBU/XvRoaE1mOB7aRAZqAXvVz8z+umJroJMiaT1FBJZoeilEMTw7wBGDJFieFjSxBRzGaFZIAUIsb2NHcFYzH3iSzUedaJLcpbrGWZtM5r3lXt8uGiWr8tKiuBY3ACzoAHrkEd3IMGaAICRuAZvII358V5dz6cz9noilPsHIE5OF+/TiWg7w==</latexit>

bω →= 0
<latexit sha1_base64="I4Nq9tDf6Dpym1pnT7v8bsmKsSI=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cE8oJkCbOzvcmQmdllZlYIS75A8KR/4k28+g/+iGcnyR5MtKChqOqmuytIONPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrOFUUWjTmseoGRANnElqGGQ7dRAERAYdOML6f+Z1HUJrFsmkmCfiCDCWLGCXGSo3moFxxq+4c+C/xclJBOeqD8nc/jGkqQBrKidY9z02MnxFlGOUwLfVTDQmhYzKEnqWSCNB+Nj90is+sEuIoVrakwXP190RGhNYTEdhOQcxIr3oz8T+vl5ro1s+YTFIDki4WRSnHJsazr3HIFFDDJ5YQqpi9FdMRUYQam83SliAQS09koZ7dOrVBeaux/CXti6p3Xb1qXFZqd3lkRXSCTtE58tANqqEHVEctRBGgJ/SCXp1n5815dz4WrQUnnzlGS3A+fwCo4Zxd</latexit>

T

<latexit sha1_base64="6bE/6iL/HNlXX21JVuB1+jGx+kY=">AAACFXicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cdmCfWAbymQyaYfOTMLMjVhC/0JwpX/iTty69kdcO2mzsNUDFw7n3Mu99/gxZxoc58sqrKyurW8UN0tb2zu7e+X9g7aOEkVoi0Q8Ul0fa8qZpC1gwGk3VhQLn9OOP65nfueBKs0ieQeTmHoCDyULGcFgpPs+0EdIm/XGdFCuOFVnBvsvcXNSQTkag/J3P4hIIqgEwrHWPdeJwUuxAkY4nZb6iaYxJmM8pD1DJRZUe+ns4ql9YpTADiNlSoI9U39PpFhoPRG+6RQYRnrZy8T/vF4C4bWXMhknQCWZLwoTbkNkZ+/bAVOUAJ8Ygoli5labjLDCBExIC1t8Xyw8kQY6uzULyl2O5S9pn1Xdy+pF87xSu8kjK6IjdIxOkYuuUA3dogZqIYIkekIv6NV6tt6sd+tj3lqw8plDtADr8wcZOaBg</latexit>

QCP

<latexit sha1_base64="y0cIk75rWknxAF8EIkENLoEoajg=">AAACIHicbVDLSsNAFJ3UV62vaJduBovgqiTia1l047KCfUAbymRy0w6dyYSZiVBCv0VwpX/iTlzqh7g2abOwrQcGDufcyz1z/JgzbRznyyqtrW9sbpW3Kzu7e/sH9uFRW8tEUWhRyaXq+kQDZxG0DDMcurECInwOHX98l/udJ1CayejRTGLwBBlGLGSUmEwa2NW+IGakRBowLVUACoLpwK45dWcGvErcgtRQgebA/ukHkiYCIkM50brnOrHxUqIMoxymlX6iISZ0TIbQy2hEBGgvnYWf4tNMCXAoVfYig2fq342UCK0nws8m86h62cvF/7xeYsIbL2VRnBiI6PxQmHBsJM6bwAFTQA2fZIRQxbKsmI6IItRkfS1c8X2x8Ik00HnWvCh3uZZV0j6vu1f1y4eLWuO2qKyMjtEJOkMuukYNdI+aqIUomqBn9IrerBfr3fqwPuejJavYqaIFWN+/wbKk8A==</latexit>

disordered

<latexit sha1_base64="k0xN4JxMCk1QvejHNpOR2iw5WSE=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSy6cVnBPqANZTK5aYfOJGFmUiihfyK40j9xJ27FH3HtpM3Cth4YOJxzL/fM8RPOlHacb6u0tr6xuVXeruzs7u0f2IdHLRWnkkKTxjyWHZ8o4CyCpmaaQyeRQITPoe2P7nO/PQapWBw96UkCniCDiIWMEm2kvm33BNFDKbJYBiAhmPbtqlNzZsCrxC1IFRVo9O2fXhDTVECkKSdKdV0n0V5GpGaUw7TSSxUkhI7IALqGRkSA8rJZ8ik+M0qAw1iaF2k8U/9uZEQoNRG+mcxzqmUvF//zuqkOb72MRUmqIaLzQ2HKsY5xXgMOmASq+cQQQiUzWTEdEkmoNmUtXPF9sfCJLFB51rwod7mWVdK6qLnXtavHy2r9rqisjE7QKTpHLrpBdfSAGqiJKBqjZ/SK3qwX6936sD7noyWr2DlGC7C+fgEqbqOS</latexit>

ordered

<latexit sha1_base64="zE2pTeADVDwXoHMR7Wj7KKa/oTs=">AAACH3icbVDLSgMxFM3UV62vsS7dBIvgapgRX8uiG5cV7APaUjJp2oYmmSG5Iy1Df0VwpX/iTtz2R1ybabuwrQcCh3Pu5Z6cMBbcgO9PndzG5tb2Tn63sLd/cHjkHhdrJko0ZVUaiUg3QmKY4IpVgYNgjVgzIkPB6uHwIfPrL0wbHqlnGMesLUlf8R6nBKzUcYstYCNIIVEejokm0pt03JLv+TPgdRIsSAktUOm4P61uRBPJFFBBjGkGfgztlGjgVLBJoZUYFhM6JH3WtFQRyUw7nWWf4HOrdHEv0vYpwDP170ZKpDFjGdpJSWBgVr1M/M9rJtC7a6dcxQkwReeHeonAEOGsCNzlmlEQY0sI1dxmxXRgG6Bg61q6EoZy6RNp12RZs6KC1VrWSe3SC26866erUvl+UVkenaIzdIECdIvK6BFVUBVRNEKv6B19OG/Op/PlfM9Hc85i5wQtwZn+AuJUo+E=</latexit>

tun. param.

<latexit sha1_base64="Lvn3zc/PzLZfMPL3w3n2YUdVQ/8=">AAACFXicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdRGCXjxGMA9MljA7O5sMmZldZmaFsOQvBE/6J97Eq2d/xLOzSQ4msaChqOqmuytIONPGdb+dpeWV1bX1wkZxc2t7Z7e0t9/QcaoIrZOYx6oVYE05k7RumOG0lSiKRcBpMxjc5n7ziSrNYvlghgn1Be5JFjGCjZUeg24n6TN0jdxuqexW3DHQIvGmpAxT1Lqln04Yk1RQaQjHWrc9NzF+hpVhhNNRsZNqmmAywD3atlRiQbWfjS8eoWOrhCiKlS1p0Fj9O5FhofVQBLZTYNPX814u/ue1UxNd+RmTSWqoJJNFUcqRiVH+PgqZosTwoSWYKGZvRaSPFSbGhjSzJQjEzBNZqPNbRzYobz6WRdI4rXgXlfP7s3L1ZhpZAQ7hCE7Ag0uowh3UoA4EJDzDK7w5L8678+F8TlqXnOnMAczA+foFhhefbg==</latexit>

bω = 0

No-go theorems restrict the space of candidate theories!

<latexit sha1_base64="zF/3p9fP4D3rtJPUFLe6rD+7HB8=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0VwVRPxtRGKunBZoS9oYphMb9uhk0mYmQgl9DP8CX/Bre7dSbf9EpO0C1s9MHDuOfdy7xw/4kxpy5oYhZXVtfWN4mZpa3tnd8/cP2iqMJYUGjTkoWz7RAFnAhqaaQ7tSAIJfA4tf3if+a0XkIqFoq5HEbgB6QvWY5ToVPLMM4cT0eeAnWjAsCPzwqvjW+x7uVR/TpwH4Jrk5dgzy1bFyoH/EntOymiOmmdOnW5I4wCEppwo1bGtSLsJkZpRDuOSEyuICB2SPnRSKkgAyk3yj43xSap0cS+U6RMa5+rviYQESo0CP+0MiB6oZS8T//M6se7duAkTUaxB0NmiXsyxDnGWEu4yCVTzUUoIlSy9FdMBkYTqNMuFLb4fZKHYyxH8Jc3zin1VuXy6KFfv5vEU0RE6RqfIRteoih5RDTUQRa/oHX2gT+PN+DK+jcmstWDMZw7RAozpDzQSpqQ=</latexit>

→ω↑T = bωT
!ωOne-point functions now enter CFT data, e.g. for order-parameter field    , 

<latexit sha1_base64="Bq4p2exav2n6CTnug7MUU4Ev0TY=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUAbymQ6aYfOTMLMRCghv+BW9+7ErR/j1i9x0mZhWw9cOJxzL/feE8ScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJve533mmSrNIPplpTH2BR5KFjGCTS/14zAbVmlt3Z0CrxCtIDQo0B9Wf/jAiiaDSEI617nlubPwUK8MIp1mln2gaYzLBI9qzVGJBtZ/Obs3QmVWGKIyULWnQTP07kWKh9VQEtlNgM9bLXi7+5/USE976KZNxYqgk80VhwpGJUP44GjJFieFTSzBRzN6KyBgrTIyNZ2FLEIjMhuItR7BK2hd177p+9XhZa9wV8ZThBE7hHDy4gQY8QBNaQGAML/AKb07mvDsfzue8teQUM8ewAOfrF4MWlUc=</latexit>

ω

Chai et al., Phys. Rev. D 102, 065014 (2020)



Towards a theory with persistent SSB
If theory has non-trivial fixed-point at zero temperature: UV completion at fixed-point 

At            , the time domain compactifies: CFT at finite temperature
<latexit sha1_base64="8MEYKGj0TNHhaMULBdJIx803Zg4=">AAAB/HicbVA9SwNBEJ2LXzF+RS1tFoNgFe7Er0qCNpYRckkgOcLeZi9Zsrt37O4J4Yh/wVZ7O7H1v9j6S9wkV5jog4HHezPMzAsTzrRx3S+nsLK6tr5R3Cxtbe/s7pX3D5o6ThWhPol5rNoh1pQzSX3DDKftRFEsQk5b4ehu6rceqdIslg0zTmgg8ECyiBFsrOQ30A1ye+WKW3VnQH+Jl5MK5Kj3yt/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7doJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV72puJ/Xic10XWQMZmkhkoyXxSlHJkYTT9HfaYoMXxsCSaK2VsRGWKFibH5LGwJQzGxoXjLEfwlzbOqd1m9eDiv1G7zeIpwBMdwCh5cQQ3uoQ4+EGDwDC/w6jw5b8678zFvLTj5zCEswPn8AbNVlLY=</latexit>

T > 0

<latexit sha1_base64="I4Nq9tDf6Dpym1pnT7v8bsmKsSI=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cE8oJkCbOzvcmQmdllZlYIS75A8KR/4k28+g/+iGcnyR5MtKChqOqmuytIONPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrOFUUWjTmseoGRANnElqGGQ7dRAERAYdOML6f+Z1HUJrFsmkmCfiCDCWLGCXGSo3moFxxq+4c+C/xclJBOeqD8nc/jGkqQBrKidY9z02MnxFlGOUwLfVTDQmhYzKEnqWSCNB+Nj90is+sEuIoVrakwXP190RGhNYTEdhOQcxIr3oz8T+vl5ro1s+YTFIDki4WRSnHJsazr3HIFFDDJ5YQqpi9FdMRUYQam83SliAQS09koZ7dOrVBeaux/CXti6p3Xb1qXFZqd3lkRXSCTtE58tANqqEHVEctRBGgJ/SCXp1n5815dz4WrQUnnzlGS3A+fwCo4Zxd</latexit>

T

<latexit sha1_base64="6bE/6iL/HNlXX21JVuB1+jGx+kY=">AAACFXicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cdmCfWAbymQyaYfOTMLMjVhC/0JwpX/iTty69kdcO2mzsNUDFw7n3Mu99/gxZxoc58sqrKyurW8UN0tb2zu7e+X9g7aOEkVoi0Q8Ul0fa8qZpC1gwGk3VhQLn9OOP65nfueBKs0ieQeTmHoCDyULGcFgpPs+0EdIm/XGdFCuOFVnBvsvcXNSQTkag/J3P4hIIqgEwrHWPdeJwUuxAkY4nZb6iaYxJmM8pD1DJRZUe+ns4ql9YpTADiNlSoI9U39PpFhoPRG+6RQYRnrZy8T/vF4C4bWXMhknQCWZLwoTbkNkZ+/bAVOUAJ8Ygoli5labjLDCBExIC1t8Xyw8kQY6uzULyl2O5S9pn1Xdy+pF87xSu8kjK6IjdIxOkYuuUA3dogZqIYIkekIv6NV6tt6sd+tj3lqw8plDtADr8wcZOaBg</latexit>

QCP

<latexit sha1_base64="y0cIk75rWknxAF8EIkENLoEoajg=">AAACIHicbVDLSsNAFJ3UV62vaJduBovgqiTia1l047KCfUAbymRy0w6dyYSZiVBCv0VwpX/iTlzqh7g2abOwrQcGDufcyz1z/JgzbRznyyqtrW9sbpW3Kzu7e/sH9uFRW8tEUWhRyaXq+kQDZxG0DDMcurECInwOHX98l/udJ1CayejRTGLwBBlGLGSUmEwa2NW+IGakRBowLVUACoLpwK45dWcGvErcgtRQgebA/ukHkiYCIkM50brnOrHxUqIMoxymlX6iISZ0TIbQy2hEBGgvnYWf4tNMCXAoVfYig2fq342UCK0nws8m86h62cvF/7xeYsIbL2VRnBiI6PxQmHBsJM6bwAFTQA2fZIRQxbKsmI6IItRkfS1c8X2x8Ik00HnWvCh3uZZV0j6vu1f1y4eLWuO2qKyMjtEJOkMuukYNdI+aqIUomqBn9IrerBfr3fqwPuejJavYqaIFWN+/wbKk8A==</latexit>

disordered

<latexit sha1_base64="k0xN4JxMCk1QvejHNpOR2iw5WSE=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSy6cVnBPqANZTK5aYfOJGFmUiihfyK40j9xJ27FH3HtpM3Cth4YOJxzL/fM8RPOlHacb6u0tr6xuVXeruzs7u0f2IdHLRWnkkKTxjyWHZ8o4CyCpmaaQyeRQITPoe2P7nO/PQapWBw96UkCniCDiIWMEm2kvm33BNFDKbJYBiAhmPbtqlNzZsCrxC1IFRVo9O2fXhDTVECkKSdKdV0n0V5GpGaUw7TSSxUkhI7IALqGRkSA8rJZ8ik+M0qAw1iaF2k8U/9uZEQoNRG+mcxzqmUvF//zuqkOb72MRUmqIaLzQ2HKsY5xXgMOmASq+cQQQiUzWTEdEkmoNmUtXPF9sfCJLFB51rwod7mWVdK6qLnXtavHy2r9rqisjE7QKTpHLrpBdfSAGqiJKBqjZ/SK3qwX6936sD7noyWr2DlGC7C+fgEqbqOS</latexit>

ordered

<latexit sha1_base64="zE2pTeADVDwXoHMR7Wj7KKa/oTs=">AAACH3icbVDLSgMxFM3UV62vsS7dBIvgapgRX8uiG5cV7APaUjJp2oYmmSG5Iy1Df0VwpX/iTtz2R1ybabuwrQcCh3Pu5Z6cMBbcgO9PndzG5tb2Tn63sLd/cHjkHhdrJko0ZVUaiUg3QmKY4IpVgYNgjVgzIkPB6uHwIfPrL0wbHqlnGMesLUlf8R6nBKzUcYstYCNIIVEejokm0pt03JLv+TPgdRIsSAktUOm4P61uRBPJFFBBjGkGfgztlGjgVLBJoZUYFhM6JH3WtFQRyUw7nWWf4HOrdHEv0vYpwDP170ZKpDFjGdpJSWBgVr1M/M9rJtC7a6dcxQkwReeHeonAEOGsCNzlmlEQY0sI1dxmxXRgG6Bg61q6EoZy6RNp12RZs6KC1VrWSe3SC26866erUvl+UVkenaIzdIECdIvK6BFVUBVRNEKv6B19OG/Op/PlfM9Hc85i5wQtwZn+AuJUo+E=</latexit>

tun. param.

<latexit sha1_base64="62EdsCKWIHMqdAI7UN0B5/cLAkA=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUZ8LYtuXFawD+gMJclk2tAkM00yQhn6HYIr/RN34tadP+LaTDsL23ogcDjnXu7JwQln2rjut7Oyura+sVnaKm/v7O7tVw4OWzpOFaFNEvNYdTDSlDNJm4YZTjuJokhgTtt4eJf77SeqNIvloxknNBCoL1nECDJWCnDPTwYM+pKOoNurVN2aOwVcJl5BqqBAo1f58cOYpIJKQzjSuuu5iQkypAwjnE7KfqppgsgQ9WnXUokE1UE2DT2Bp1YJYRQr+6SBU/XvRoaE1mOB7aRAZqAXvVz8z+umJroJMiaT1FBJZoeilEMTw7wBGDJFieFjSxBRzGaFZIAUIsb2NHcFYzH3iSzUedaJLcpbrGWZtM5r3lXt8uGiWr8tKiuBY3ACzoAHrkEd3IMGaAICRuAZvII358V5dz6cz9noilPsHIE5OF+/TiWg7w==</latexit>

bω →= 0
<latexit sha1_base64="I4Nq9tDf6Dpym1pnT7v8bsmKsSI=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cE8oJkCbOzvcmQmdllZlYIS75A8KR/4k28+g/+iGcnyR5MtKChqOqmuytIONPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrOFUUWjTmseoGRANnElqGGQ7dRAERAYdOML6f+Z1HUJrFsmkmCfiCDCWLGCXGSo3moFxxq+4c+C/xclJBOeqD8nc/jGkqQBrKidY9z02MnxFlGOUwLfVTDQmhYzKEnqWSCNB+Nj90is+sEuIoVrakwXP190RGhNYTEdhOQcxIr3oz8T+vl5ro1s+YTFIDki4WRSnHJsazr3HIFFDDJ5YQqpi9FdMRUYQam83SliAQS09koZ7dOrVBeaux/CXti6p3Xb1qXFZqd3lkRXSCTtE58tANqqEHVEctRBGgJ/SCXp1n5815dz4WrQUnnzlGS3A+fwCo4Zxd</latexit>

T

<latexit sha1_base64="6bE/6iL/HNlXX21JVuB1+jGx+kY=">AAACFXicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cdmCfWAbymQyaYfOTMLMjVhC/0JwpX/iTty69kdcO2mzsNUDFw7n3Mu99/gxZxoc58sqrKyurW8UN0tb2zu7e+X9g7aOEkVoi0Q8Ul0fa8qZpC1gwGk3VhQLn9OOP65nfueBKs0ieQeTmHoCDyULGcFgpPs+0EdIm/XGdFCuOFVnBvsvcXNSQTkag/J3P4hIIqgEwrHWPdeJwUuxAkY4nZb6iaYxJmM8pD1DJRZUe+ns4ql9YpTADiNlSoI9U39PpFhoPRG+6RQYRnrZy8T/vF4C4bWXMhknQCWZLwoTbkNkZ+/bAVOUAJ8Ygoli5labjLDCBExIC1t8Xyw8kQY6uzULyl2O5S9pn1Xdy+pF87xSu8kjK6IjdIxOkYuuUA3dogZqIYIkekIv6NV6tt6sd+tj3lqw8plDtADr8wcZOaBg</latexit>

QCP

<latexit sha1_base64="y0cIk75rWknxAF8EIkENLoEoajg=">AAACIHicbVDLSsNAFJ3UV62vaJduBovgqiTia1l047KCfUAbymRy0w6dyYSZiVBCv0VwpX/iTlzqh7g2abOwrQcGDufcyz1z/JgzbRznyyqtrW9sbpW3Kzu7e/sH9uFRW8tEUWhRyaXq+kQDZxG0DDMcurECInwOHX98l/udJ1CayejRTGLwBBlGLGSUmEwa2NW+IGakRBowLVUACoLpwK45dWcGvErcgtRQgebA/ukHkiYCIkM50brnOrHxUqIMoxymlX6iISZ0TIbQy2hEBGgvnYWf4tNMCXAoVfYig2fq342UCK0nws8m86h62cvF/7xeYsIbL2VRnBiI6PxQmHBsJM6bwAFTQA2fZIRQxbKsmI6IItRkfS1c8X2x8Ik00HnWvCh3uZZV0j6vu1f1y4eLWuO2qKyMjtEJOkMuukYNdI+aqIUomqBn9IrerBfr3fqwPuejJavYqaIFWN+/wbKk8A==</latexit>

disordered

<latexit sha1_base64="k0xN4JxMCk1QvejHNpOR2iw5WSE=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSy6cVnBPqANZTK5aYfOJGFmUiihfyK40j9xJ27FH3HtpM3Cth4YOJxzL/fM8RPOlHacb6u0tr6xuVXeruzs7u0f2IdHLRWnkkKTxjyWHZ8o4CyCpmaaQyeRQITPoe2P7nO/PQapWBw96UkCniCDiIWMEm2kvm33BNFDKbJYBiAhmPbtqlNzZsCrxC1IFRVo9O2fXhDTVECkKSdKdV0n0V5GpGaUw7TSSxUkhI7IALqGRkSA8rJZ8ik+M0qAw1iaF2k8U/9uZEQoNRG+mcxzqmUvF//zuqkOb72MRUmqIaLzQ2HKsY5xXgMOmASq+cQQQiUzWTEdEkmoNmUtXPF9sfCJLFB51rwod7mWVdK6qLnXtavHy2r9rqisjE7QKTpHLrpBdfSAGqiJKBqjZ/SK3qwX6936sD7noyWr2DlGC7C+fgEqbqOS</latexit>

ordered

<latexit sha1_base64="zE2pTeADVDwXoHMR7Wj7KKa/oTs=">AAACH3icbVDLSgMxFM3UV62vsS7dBIvgapgRX8uiG5cV7APaUjJp2oYmmSG5Iy1Df0VwpX/iTtz2R1ybabuwrQcCh3Pu5Z6cMBbcgO9PndzG5tb2Tn63sLd/cHjkHhdrJko0ZVUaiUg3QmKY4IpVgYNgjVgzIkPB6uHwIfPrL0wbHqlnGMesLUlf8R6nBKzUcYstYCNIIVEejokm0pt03JLv+TPgdRIsSAktUOm4P61uRBPJFFBBjGkGfgztlGjgVLBJoZUYFhM6JH3WtFQRyUw7nWWf4HOrdHEv0vYpwDP170ZKpDFjGdpJSWBgVr1M/M9rJtC7a6dcxQkwReeHeonAEOGsCNzlmlEQY0sI1dxmxXRgG6Bg61q6EoZy6RNp12RZs6KC1VrWSe3SC26866erUvl+UVkenaIzdIECdIvK6BFVUBVRNEKv6B19OG/Op/PlfM9Hc85i5wQtwZn+AuJUo+E=</latexit>

tun. param.

<latexit sha1_base64="Lvn3zc/PzLZfMPL3w3n2YUdVQ/8=">AAACFXicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdRGCXjxGMA9MljA7O5sMmZldZmaFsOQvBE/6J97Eq2d/xLOzSQ4msaChqOqmuytIONPGdb+dpeWV1bX1wkZxc2t7Z7e0t9/QcaoIrZOYx6oVYE05k7RumOG0lSiKRcBpMxjc5n7ziSrNYvlghgn1Be5JFjGCjZUeg24n6TN0jdxuqexW3DHQIvGmpAxT1Lqln04Yk1RQaQjHWrc9NzF+hpVhhNNRsZNqmmAywD3atlRiQbWfjS8eoWOrhCiKlS1p0Fj9O5FhofVQBLZTYNPX814u/ue1UxNd+RmTSWqoJJNFUcqRiVH+PgqZosTwoSWYKGZvRaSPFSbGhjSzJQjEzBNZqPNbRzYobz6WRdI4rXgXlfP7s3L1ZhpZAQ7hCE7Ag0uowh3UoA4EJDzDK7w5L8678+F8TlqXnOnMAczA+foFhhefbg==</latexit>

bω = 0

Does a non-trivial CFT exist, that shows SSB at finite     ?  
<latexit sha1_base64="8SjpQbVfgGmncwD3OkBPSLkn2bo=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGr5JoYwkJIAlcyN4yBxt27y67eyZI+AW22tsZW/+Nrb/EBa4Q8CWTvLw3k5l5QSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVK6AaBY+wYbgR2EoUUhkIfAyG91P/8QmV5nFUN6MEfUn7EQ85o8ZKtXq3WHLL7gxklXgZKUGGarf40+nFLJUYGSao1m3PTYw/pspwJnBS6KQaE8qGtI9tSyMqUfvj2aETcmaVHgljZSsyZKb+nRhTqfVIBrZTUjPQy95U/M9rpya89cc8SlKDEZsvClNBTEymX5MeV8iMGFlCmeL2VsIGVFFmbDYLW4JATmwo3nIEq6R5Ufauy1e1y1LlLosnDydwCufgwQ1U4AGq0AAGCC/wCm/Os/PufDif89ack80cwwKcr18KhpPg</latexit>

T

No-go theorems restrict the space of candidate theories!

<latexit sha1_base64="zF/3p9fP4D3rtJPUFLe6rD+7HB8=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0VwVRPxtRGKunBZoS9oYphMb9uhk0mYmQgl9DP8CX/Bre7dSbf9EpO0C1s9MHDuOfdy7xw/4kxpy5oYhZXVtfWN4mZpa3tnd8/cP2iqMJYUGjTkoWz7RAFnAhqaaQ7tSAIJfA4tf3if+a0XkIqFoq5HEbgB6QvWY5ToVPLMM4cT0eeAnWjAsCPzwqvjW+x7uVR/TpwH4Jrk5dgzy1bFyoH/EntOymiOmmdOnW5I4wCEppwo1bGtSLsJkZpRDuOSEyuICB2SPnRSKkgAyk3yj43xSap0cS+U6RMa5+rviYQESo0CP+0MiB6oZS8T//M6se7duAkTUaxB0NmiXsyxDnGWEu4yCVTzUUoIlSy9FdMBkYTqNMuFLb4fZKHYyxH8Jc3zin1VuXy6KFfv5vEU0RE6RqfIRteoih5RDTUQRa/oHX2gT+PN+DK+jcmstWDMZw7RAozpDzQSpqQ=</latexit>

→ω↑T = bωT
!ωOne-point functions now enter CFT data, e.g. for order-parameter field    , 

<latexit sha1_base64="Bq4p2exav2n6CTnug7MUU4Ev0TY=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUAbymQ6aYfOTMLMRCghv+BW9+7ErR/j1i9x0mZhWw9cOJxzL/feE8ScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJve533mmSrNIPplpTH2BR5KFjGCTS/14zAbVmlt3Z0CrxCtIDQo0B9Wf/jAiiaDSEI617nlubPwUK8MIp1mln2gaYzLBI9qzVGJBtZ/Obs3QmVWGKIyULWnQTP07kWKh9VQEtlNgM9bLXi7+5/USE976KZNxYqgk80VhwpGJUP44GjJFieFTSzBRzN6KyBgrTIyNZ2FLEIjMhuItR7BK2hd177p+9XhZa9wV8ZThBE7hHDy4gQY8QBNaQGAML/AKb07mvDsfzue8teQUM8ewAOfrF4MWlUc=</latexit>

ω

Chai et al., Phys. Rev. D 102, 065014 (2020)



The biconical model
Model of two coupled scalar fields with                    symmetry in 

<latexit sha1_base64="YslesaA24RjdZDPM3uVMfYsZGC0=">AAACLnicbVDLSgMxFM34rPU16tJNtAh1U2aKr2XRjSutYB/YKSVJ0zY0mRmSjFCGWfs1giv9E8GFuPULXJuZdmFbL1w4nHsv59yDQ86UdpwPa2FxaXllNbeWX9/Y3Nq2d3brKogkoTUS8EA2MVKUM5/WNNOcNkNJkcCcNvDwKp03HqlULPDv9SikbYH6PusxgrShOvaBJ5AeSBHfJsWbY+hpJqiCGYlx/JB0yh274JScrOA8cCegACZV7dg/XjcgkaC+Jhwp1XKdULdjJDUjnCZ5L1I0RGSI+rRloI+MYjvOXkngkWG6sBdI076GGfv3IkZCqZHAZjP1qGZnKfnfrBXp3kU7Zn4YaeqTsVAv4lAHMM0FdpmkRPORAYhIZrxCMkASEW3Sm1LBWEw9EXdV6jUxQbmzscyDernknpVO704KlctJZDmwDw5BEbjgHFTANaiCGiDgCTyDV/BmvVjv1qf1NV5dsCY3e2CqrO9fQC+psA==</latexit>

O(N)→ Z2

<latexit sha1_base64="tnUGfHqBtb0seAZo8fpxNJu3350="></latexit>

S[�,�] =
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<latexit sha1_base64="th6B4fBiXbJRxsL7Bno9FvHM7zc=">AAACEnicbVDLSsNAFL2pr1pfVZduBosgCCUpvjZC0Y3LCvYBbSiTyaQdOpmEmYlQQj9CcKV/4k7c+gP+iGsnbRa29cCFwzn3cu89XsyZ0rb9bRVWVtfWN4qbpa3tnd298v5BS0WJJLRJIh7JjocV5UzQpmaa004sKQ49Ttve6C7z209UKhaJRz2OqRvigWABI1gbqe2jG1Q7c/rlil21p0DLxMlJBXI0+uWfnh+RJKRCE46V6jp2rN0US80Ip5NSL1E0xmSEB7RrqMAhVW46PXeCTozioyCSpoRGU/XvRIpDpcahZzpDrIdq0cvE/7xuooNrN2UiTjQVZLYoSDjSEcp+Rz6TlGg+NgQTycytiAyxxESbhOa2eF4490Tqq+zWiQnKWYxlmbRqVeeyevFwXqnf5pEV4QiO4RQcuII63EMDmkBgBM/wCm/Wi/VufVifs9aClc8cwhysr19g7520</latexit>

d = 2 + 1



The biconical model
Model of two coupled scalar fields with                    symmetry in 

<latexit sha1_base64="YslesaA24RjdZDPM3uVMfYsZGC0=">AAACLnicbVDLSgMxFM34rPU16tJNtAh1U2aKr2XRjSutYB/YKSVJ0zY0mRmSjFCGWfs1giv9E8GFuPULXJuZdmFbL1w4nHsv59yDQ86UdpwPa2FxaXllNbeWX9/Y3Nq2d3brKogkoTUS8EA2MVKUM5/WNNOcNkNJkcCcNvDwKp03HqlULPDv9SikbYH6PusxgrShOvaBJ5AeSBHfJsWbY+hpJqiCGYlx/JB0yh274JScrOA8cCegACZV7dg/XjcgkaC+Jhwp1XKdULdjJDUjnCZ5L1I0RGSI+rRloI+MYjvOXkngkWG6sBdI076GGfv3IkZCqZHAZjP1qGZnKfnfrBXp3kU7Zn4YaeqTsVAv4lAHMM0FdpmkRPORAYhIZrxCMkASEW3Sm1LBWEw9EXdV6jUxQbmzscyDernknpVO704KlctJZDmwDw5BEbjgHFTANaiCGiDgCTyDV/BmvVjv1qf1NV5dsCY3e2CqrO9fQC+psA==</latexit>

O(N)→ Z2

<latexit sha1_base64="tnUGfHqBtb0seAZo8fpxNJu3350="></latexit>
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<latexit sha1_base64="th6B4fBiXbJRxsL7Bno9FvHM7zc=">AAACEnicbVDLSsNAFL2pr1pfVZduBosgCCUpvjZC0Y3LCvYBbSiTyaQdOpmEmYlQQj9CcKV/4k7c+gP+iGsnbRa29cCFwzn3cu89XsyZ0rb9bRVWVtfWN4qbpa3tnd298v5BS0WJJLRJIh7JjocV5UzQpmaa004sKQ49Ttve6C7z209UKhaJRz2OqRvigWABI1gbqe2jG1Q7c/rlil21p0DLxMlJBXI0+uWfnh+RJKRCE46V6jp2rN0US80Ip5NSL1E0xmSEB7RrqMAhVW46PXeCTozioyCSpoRGU/XvRIpDpcahZzpDrIdq0cvE/7xuooNrN2UiTjQVZLYoSDjSEcp+Rz6TlGg+NgQTycytiAyxxESbhOa2eF4490Tqq+zWiQnKWYxlmbRqVeeyevFwXqnf5pEV4QiO4RQcuII63EMDmkBgBM/wCm/Wi/VufVifs9aClc8cwhysr19g7520</latexit>

d = 2 + 1

BH, Rong, Scherer, Phys. Rev. Lett.134 (4), 041602 (2025)

Biconical fixed point (BFP):
<latexit sha1_base64="DyaRFny0N2TgzSE+aqdPp/Xf4Mg="></latexit>

ω→
ω,ω

→
ε > 0, ω→

ωε < 0

• studied with   -expansion, FRG, large   
<latexit sha1_base64="4XW8rl1PN/KDesZBpatMGx2PWIs=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLsbCcZMjO7zMwKYckXCJ70T7yJV//BH/HsbLIHEy1oKKq66e4KYs60cd0vp7Cyura+UdwsbW3v7O6V9w9aOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYxvM7/9CEqzSD6YSQy+IEPJBowSY6XGfb9ccavuDPgv8XJSQTnq/fJ3L4xoIkAayonWXc+NjZ8SZRjlMC31Eg0xoWMyhK6lkgjQfjo7dIpPrBLiQaRsSYNn6u+JlAitJyKwnYKYkV72MvE/r5uYwbWfMhknBiSdLxokHJsIZ1/jkCmghk8sIVQxeyumI6IINTabhS1BIBaeSEOd3Tq1QXnLsfwlrbOqd1m9aJxXajd5ZEV0hI7RKfLQFaqhO1RHTUQRoCf0gl6dZ+fNeXc+5q0FJ585RAtwPn8AnvGcVw==</latexit>

N<latexit sha1_base64="AA5zAz2EAsNBGEvcf53zRj1U0jw=">AAACE3icbVDLSsNAFJ34rPVVdekmWARXJRFfy6IblxXsA9pQJpObdug8wsxEKKE/IbjSP3Enbv0Af8S1kzYL23rgwuGce7n3njBhVBvP+3ZWVtfWNzZLW+Xtnd29/crBYUvLVBFoEsmk6oRYA6MCmoYaBp1EAeYhg3Y4usv99hMoTaV4NOMEAo4HgsaUYGOlTg8STZkU/UrVq3lTuMvEL0gVFWj0Kz+9SJKUgzCEYa27vpeYIMPKUMJgUu6lGhJMRngAXUsF5qCDbHrvxD21SuTGUtkSxp2qfycyzLUe89B2cmyGetHLxf+8bmrimyCjIkkNCDJbFKfMNdLNn3cjqoAYNrYEE0XtrS4ZYoWJsRHNbQlDPvdEFun81okNyl+MZZm0zmv+Ve3y4aJavy0iK6FjdILOkI+uUR3dowZqIoIYekav6M15cd6dD+dz1rriFDNHaA7O1y+zTZ+l</latexit>ω

BH, Rong, Scherer, Phys. Rev. Lett.134 (4), 041602 (2025)
Popov, Komargodski, Phys. Rev. Lett. 135, 091602 (2025)

Chai et al., Phys. Rev. D 102, 065014 (2020)

Smolkin, Yung, arXiv:2608.02720 (2026)
<latexit sha1_base64="lL9fB6hign6RlX0psJsUeaxwDFA="></latexit>

ω→
ωω

→
ε → ω→

ωε
2 > 0• stable potential:



The biconical model
Model of two coupled scalar fields with                    symmetry in 

<latexit sha1_base64="YslesaA24RjdZDPM3uVMfYsZGC0=">AAACLnicbVDLSgMxFM34rPU16tJNtAh1U2aKr2XRjSutYB/YKSVJ0zY0mRmSjFCGWfs1giv9E8GFuPULXJuZdmFbL1w4nHsv59yDQ86UdpwPa2FxaXllNbeWX9/Y3Nq2d3brKogkoTUS8EA2MVKUM5/WNNOcNkNJkcCcNvDwKp03HqlULPDv9SikbYH6PusxgrShOvaBJ5AeSBHfJsWbY+hpJqiCGYlx/JB0yh274JScrOA8cCegACZV7dg/XjcgkaC+Jhwp1XKdULdjJDUjnCZ5L1I0RGSI+rRloI+MYjvOXkngkWG6sBdI076GGfv3IkZCqZHAZjP1qGZnKfnfrBXp3kU7Zn4YaeqTsVAv4lAHMM0FdpmkRPORAYhIZrxCMkASEW3Sm1LBWEw9EXdV6jUxQbmzscyDernknpVO704KlctJZDmwDw5BEbjgHFTANaiCGiDgCTyDV/BmvVjv1qf1NV5dsCY3e2CqrO9fQC+psA==</latexit>

O(N)→ Z2

<latexit sha1_base64="tnUGfHqBtb0seAZo8fpxNJu3350="></latexit>
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<latexit sha1_base64="th6B4fBiXbJRxsL7Bno9FvHM7zc=">AAACEnicbVDLSsNAFL2pr1pfVZduBosgCCUpvjZC0Y3LCvYBbSiTyaQdOpmEmYlQQj9CcKV/4k7c+gP+iGsnbRa29cCFwzn3cu89XsyZ0rb9bRVWVtfWN4qbpa3tnd298v5BS0WJJLRJIh7JjocV5UzQpmaa004sKQ49Ttve6C7z209UKhaJRz2OqRvigWABI1gbqe2jG1Q7c/rlil21p0DLxMlJBXI0+uWfnh+RJKRCE46V6jp2rN0US80Ip5NSL1E0xmSEB7RrqMAhVW46PXeCTozioyCSpoRGU/XvRIpDpcahZzpDrIdq0cvE/7xuooNrN2UiTjQVZLYoSDjSEcp+Rz6TlGg+NgQTycytiAyxxESbhOa2eF4490Tqq+zWiQnKWYxlmbRqVeeyevFwXqnf5pEV4QiO4RQcuII63EMDmkBgBM/wCm/Wi/VufVifs9aClc8cwhysr19g7520</latexit>

d = 2 + 1

BH, Rong, Scherer, Phys. Rev. Lett.134 (4), 041602 (2025)

Biconical fixed point (BFP):
<latexit sha1_base64="DyaRFny0N2TgzSE+aqdPp/Xf4Mg="></latexit>

ω→
ω,ω

→
ε > 0, ω→

ωε < 0

• studied with   -expansion, FRG, large   
<latexit sha1_base64="4XW8rl1PN/KDesZBpatMGx2PWIs=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLsbCcZMjO7zMwKYckXCJ70T7yJV//BH/HsbLIHEy1oKKq66e4KYs60cd0vp7Cyura+UdwsbW3v7O6V9w9aOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYxvM7/9CEqzSD6YSQy+IEPJBowSY6XGfb9ccavuDPgv8XJSQTnq/fJ3L4xoIkAayonWXc+NjZ8SZRjlMC31Eg0xoWMyhK6lkgjQfjo7dIpPrBLiQaRsSYNn6u+JlAitJyKwnYKYkV72MvE/r5uYwbWfMhknBiSdLxokHJsIZ1/jkCmghk8sIVQxeyumI6IINTabhS1BIBaeSEOd3Tq1QXnLsfwlrbOqd1m9aJxXajd5ZEV0hI7RKfLQFaqhO1RHTUQRoCf0gl6dZ+fNeXc+5q0FJ585RAtwPn8AnvGcVw==</latexit>

N<latexit sha1_base64="AA5zAz2EAsNBGEvcf53zRj1U0jw=">AAACE3icbVDLSsNAFJ34rPVVdekmWARXJRFfy6IblxXsA9pQJpObdug8wsxEKKE/IbjSP3Enbv0Af8S1kzYL23rgwuGce7n3njBhVBvP+3ZWVtfWNzZLW+Xtnd29/crBYUvLVBFoEsmk6oRYA6MCmoYaBp1EAeYhg3Y4usv99hMoTaV4NOMEAo4HgsaUYGOlTg8STZkU/UrVq3lTuMvEL0gVFWj0Kz+9SJKUgzCEYa27vpeYIMPKUMJgUu6lGhJMRngAXUsF5qCDbHrvxD21SuTGUtkSxp2qfycyzLUe89B2cmyGetHLxf+8bmrimyCjIkkNCDJbFKfMNdLNn3cjqoAYNrYEE0XtrS4ZYoWJsRHNbQlDPvdEFun81okNyl+MZZm0zmv+Ve3y4aJavy0iK6FjdILOkI+uUR3dowZqIoIYekav6M15cd6dD+dz1rriFDNHaA7O1y+zTZ+l</latexit>ω

BH, Rong, Scherer, Phys. Rev. Lett.134 (4), 041602 (2025)
Popov, Komargodski, Phys. Rev. Lett. 135, 091602 (2025)

Chai et al., Phys. Rev. D 102, 065014 (2020)

Smolkin, Yung, arXiv:2608.02720 (2026)
<latexit sha1_base64="lL9fB6hign6RlX0psJsUeaxwDFA="></latexit>
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→
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2 > 0• stable potential:
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<latexit sha1_base64="keRVRHqeUtoZQw5Fx/eaZLAWZ94=">AAACF3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVTdK0Y2rUsE+oB1KJpO2ocnMkGSEMvQ3BFf6J+7ErUt/xLWZdha29UDgcM693JPjRZwpbdvfVm5ldW19I79Z2Nre2d0r7h80VRhLQhsk5KFse1hRzgLa0Exz2o4kxcLjtOWN7lK/9USlYmHwqMcRdQUeBKzPCNZG6tbQDar1CLpGTqVXLNllewq0TJyMlCBDvVf86fohiQUNNOFYqY5jR9pNsNSMcDopdGNFI0xGeEA7hgZYUOUm08wTdGIUH/VDaV6g0VT9u5FgodRYeGZSYD1Ui14q/ud1Yt2/chMWRLGmAZkd6scc6RClBSCfSUo0HxuCiWQmKyJDLDHRpqa5K54n5j6R+CrNOjFFOYu1LJPmWdm5KFcezkvV26yyPBzBMZyCA5dQhXuoQwMIRPAMr/BmvVjv1of1ORvNWdnOIczB+voFUfSfNg==</latexit>

N > Nc = 15• within FRG, persistent symmetry breaking for 
• compatible with Mermin-Wagner theorem



The biconical model
Model of two coupled scalar fields with                    symmetry in 

<latexit sha1_base64="YslesaA24RjdZDPM3uVMfYsZGC0=">AAACLnicbVDLSgMxFM34rPU16tJNtAh1U2aKr2XRjSutYB/YKSVJ0zY0mRmSjFCGWfs1giv9E8GFuPULXJuZdmFbL1w4nHsv59yDQ86UdpwPa2FxaXllNbeWX9/Y3Nq2d3brKogkoTUS8EA2MVKUM5/WNNOcNkNJkcCcNvDwKp03HqlULPDv9SikbYH6PusxgrShOvaBJ5AeSBHfJsWbY+hpJqiCGYlx/JB0yh274JScrOA8cCegACZV7dg/XjcgkaC+Jhwp1XKdULdjJDUjnCZ5L1I0RGSI+rRloI+MYjvOXkngkWG6sBdI076GGfv3IkZCqZHAZjP1qGZnKfnfrBXp3kU7Zn4YaeqTsVAv4lAHMM0FdpmkRPORAYhIZrxCMkASEW3Sm1LBWEw9EXdV6jUxQbmzscyDernknpVO704KlctJZDmwDw5BEbjgHFTANaiCGiDgCTyDV/BmvVjv1qf1NV5dsCY3e2CqrO9fQC+psA==</latexit>

O(N)→ Z2

<latexit sha1_base64="tnUGfHqBtb0seAZo8fpxNJu3350="></latexit>

S[�,�] =

Z
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
1

2
(@�)2 +

1

2
(@�)2 +

1

2
m2

��
2 +

1

2
m2

��
2 +

��

8
(�2)2 +

��

8
�4 +

���

4
�2�2

�

<latexit sha1_base64="th6B4fBiXbJRxsL7Bno9FvHM7zc=">AAACEnicbVDLSsNAFL2pr1pfVZduBosgCCUpvjZC0Y3LCvYBbSiTyaQdOpmEmYlQQj9CcKV/4k7c+gP+iGsnbRa29cCFwzn3cu89XsyZ0rb9bRVWVtfWN4qbpa3tnd298v5BS0WJJLRJIh7JjocV5UzQpmaa004sKQ49Ttve6C7z209UKhaJRz2OqRvigWABI1gbqe2jG1Q7c/rlil21p0DLxMlJBXI0+uWfnh+RJKRCE46V6jp2rN0US80Ip5NSL1E0xmSEB7RrqMAhVW46PXeCTozioyCSpoRGU/XvRIpDpcahZzpDrIdq0cvE/7xuooNrN2UiTjQVZLYoSDjSEcp+Rz6TlGg+NgQTycytiAyxxESbhOa2eF4490Tqq+zWiQnKWYxlmbRqVeeyevFwXqnf5pEV4QiO4RQcuII63EMDmkBgBM/wCm/Wi/VufVifs9aClc8cwhysr19g7520</latexit>

d = 2 + 1

BH, Rong, Scherer, Phys. Rev. Lett.134 (4), 041602 (2025)

Biconical fixed point (BFP):
<latexit sha1_base64="DyaRFny0N2TgzSE+aqdPp/Xf4Mg="></latexit>

ω→
ω,ω

→
ε > 0, ω→

ωε < 0

• studied with   -expansion, FRG, large   
<latexit sha1_base64="4XW8rl1PN/KDesZBpatMGx2PWIs=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLsbCcZMjO7zMwKYckXCJ70T7yJV//BH/HsbLIHEy1oKKq66e4KYs60cd0vp7Cyura+UdwsbW3v7O6V9w9aOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYxvM7/9CEqzSD6YSQy+IEPJBowSY6XGfb9ccavuDPgv8XJSQTnq/fJ3L4xoIkAayonWXc+NjZ8SZRjlMC31Eg0xoWMyhK6lkgjQfjo7dIpPrBLiQaRsSYNn6u+JlAitJyKwnYKYkV72MvE/r5uYwbWfMhknBiSdLxokHJsIZ1/jkCmghk8sIVQxeyumI6IINTabhS1BIBaeSEOd3Tq1QXnLsfwlrbOqd1m9aJxXajd5ZEV0hI7RKfLQFaqhO1RHTUQRoCf0gl6dZ+fNeXc+5q0FJ585RAtwPn8AnvGcVw==</latexit>

N<latexit sha1_base64="AA5zAz2EAsNBGEvcf53zRj1U0jw=">AAACE3icbVDLSsNAFJ34rPVVdekmWARXJRFfy6IblxXsA9pQJpObdug8wsxEKKE/IbjSP3Enbv0Af8S1kzYL23rgwuGce7n3njBhVBvP+3ZWVtfWNzZLW+Xtnd29/crBYUvLVBFoEsmk6oRYA6MCmoYaBp1EAeYhg3Y4usv99hMoTaV4NOMEAo4HgsaUYGOlTg8STZkU/UrVq3lTuMvEL0gVFWj0Kz+9SJKUgzCEYa27vpeYIMPKUMJgUu6lGhJMRngAXUsF5qCDbHrvxD21SuTGUtkSxp2qfycyzLUe89B2cmyGetHLxf+8bmrimyCjIkkNCDJbFKfMNdLNn3cjqoAYNrYEE0XtrS4ZYoWJsRHNbQlDPvdEFun81okNyl+MZZm0zmv+Ve3y4aJavy0iK6FjdILOkI+uUR3dowZqIoIYekav6M15cd6dD+dz1rriFDNHaA7O1y+zTZ+l</latexit>ω

BH, Rong, Scherer, Phys. Rev. Lett.134 (4), 041602 (2025)
Popov, Komargodski, Phys. Rev. Lett. 135, 091602 (2025)

Chai et al., Phys. Rev. D 102, 065014 (2020)

Smolkin, Yung, arXiv:2608.02720 (2026)
<latexit sha1_base64="lL9fB6hign6RlX0psJsUeaxwDFA="></latexit>

ω→
ωω

→
ε → ω→

ωε
2 > 0• stable potential:

Can we extend this theory to lower      ?<latexit sha1_base64="cmXbUlZCIl9IWwL9phIen9YE0MU=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXQxkoimg9IjrC32UuW7O4du3tCOPMTbLW3E1v/jK2/xE1yhUl8MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QUNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHgz8ZtPVGkWyUcziqkvcF+ykBFsrPRw1yXdYsktu1OgZeJlpAQZat3iT6cXkURQaQjHWrc9NzZ+ipVhhNNxoZNoGmMyxH3atlRiQbWfTk8doxOr9FAYKVvSoKn6dyLFQuuRCGynwGagF72J+J/XTkx45adMxomhkswWhQlHJkKTv1GPKUoMH1mCiWL2VkQGWGFibDpzW4JAjG0o3mIEy6RxVvYuypX781L1OosnD0dwDKfgwSVU4RZqUAcCfXiBV3hznp1358P5nLXmnGzmEObgfP0CfiqUsA==</latexit>
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<latexit sha1_base64="keRVRHqeUtoZQw5Fx/eaZLAWZ94=">AAACF3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVTdK0Y2rUsE+oB1KJpO2ocnMkGSEMvQ3BFf6J+7ErUt/xLWZdha29UDgcM693JPjRZwpbdvfVm5ldW19I79Z2Nre2d0r7h80VRhLQhsk5KFse1hRzgLa0Exz2o4kxcLjtOWN7lK/9USlYmHwqMcRdQUeBKzPCNZG6tbQDar1CLpGTqVXLNllewq0TJyMlCBDvVf86fohiQUNNOFYqY5jR9pNsNSMcDopdGNFI0xGeEA7hgZYUOUm08wTdGIUH/VDaV6g0VT9u5FgodRYeGZSYD1Ui14q/ud1Yt2/chMWRLGmAZkd6scc6RClBSCfSUo0HxuCiWQmKyJDLDHRpqa5K54n5j6R+CrNOjFFOYu1LJPmWdm5KFcezkvV26yyPBzBMZyCA5dQhXuoQwMIRPAMr/BmvVjv1of1ORvNWdnOIczB+voFUfSfNg==</latexit>

N > Nc = 15• within FRG, persistent symmetry breaking for 
• compatible with Mermin-Wagner theorem

Exclusive to internal symmetries?



<latexit sha1_base64="OYkcgK/+ibMCUKvHwDjDXCHdfJw="></latexit>

S = SO(N)→Z2
+

∫
ddx ω̄/εω +

∫
ddxhϑω̄ω

The biconical model with fermions
Add Dirac fermions and couple to      sector through Yukawa interaction

<latexit sha1_base64="cHqOwSGBz5VXCpuSZMeVjmR0lcs=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZab4WhbduKxgH9gZSpJJ29AkMyQZoQzzG4Ir/RN34talP+LaTDsL23ogcDjnXu7JwTFn2rjut7Oyura+sVnaKm/v7O7tVw4O2zpKFKEtEvFIdTHSlDNJW4YZTruxokhgTjt4fJv7nSeqNIvkg5nENBBoKNmAEWSs5PsCmRHG6WPWr/crVbfmTgGXiVeQKijQ7Fd+/DAiiaDSEI607nlubIIUKcMIp1nZTzSNERmjIe1ZKpGgOkinmTN4apUQDiJlnzRwqv7dSJHQeiKwncwz6kUvF//zeokZXAcpk3FiqCSzQ4OEQxPBvAAYMkWJ4RNLEFHMZoVkhBQixtY0dwVjMfeJNNR51swW5S3Wskza9Zp3Wbu4P682borKSuAYnIAz4IEr0AB3oAlagIAYPINX8Oa8OO/Oh/M5G11xip0jMAfn6xePNqEk</latexit>Z2

In                  ,
<latexit sha1_base64="LWsd7xYyqrQrfi8m7btTR1VmnQI=">AAACM3icbVDLSsNAFJ3UV219tLp0M1gEN5ZE6mMjFN24rGAf0IYymdy0QycPZiaFEvonbvUP/BhxJ279BydtFqb1wIXDOfdy7z1OxJlUpvlhFDY2t7Z3irul8t7+wWGletSRYSwotGnIQ9FziATOAmgrpjj0IgHEdzh0nclD6nenICQLg2c1i8D2yShgHqNEaWlYqbj4DjfwBR5AJBlPpZpZNxfA68TKSA1laA2rRnnghjT2IVCUEyn7lhkpOyFCMcphXhrEEiJCJ2QEfU0D4oO0k8Xpc3ymFRd7odAVKLxQ/04kxJdy5ju60ydqLFe9VPzP68fKu7UTFkSxgoAuF3kxxyrEaQ7YZQKo4jNNCBVM34rpmAhClU4rt8Vx/NwTiSvTW/Oa1J+PwZ3r+KzVsNZJ57JuXdevnhq15n0WZBGdoFN0jix0g5roEbVQG1E0RS/oFb0Z78an8WV8L1sLRjZzjHIwfn4B9s6piA==</latexit>

d = 4→ ω
<latexit sha1_base64="kGC1h5LxTpgXjyR5amTGutIFV2A="></latexit>

ωω = O(ε2)     is slightly relevant deformation of BFP
<latexit sha1_base64="+I0jTYVUX7s+7FSRQSCLe1AbXYA=">AAACInicbVDLSsNAFJ3UV219tLp0M1gEVyURX8uiG5ct2Ae0oUwmN+3QmSTMTIQS+gVu9Q/8GnfiSvBjnLRZmOqFC4dz7+Wec7yYM6Vt+8sqbWxube+UdyvVvf2Dw1r9qKeiRFLo0ohHcuARBZyF0NVMcxjEEojwOPS92X027z+BVCwKH/U8BleQScgCRok2VGc6rjXspr0s/Bc4OWigvNrjulUd+RFNBISacqLU0LFj7aZEakY5LCqjREFM6IxMYGhgSAQoN10qXeAzw/g4iKTpUOMl+/siJUKpufDMpiB6qtZnGfnfbJjo4NZNWRgnGkK6ehQkHOsIZ7axzyRQzecGECqZ0YrplEhCtQmn8MXzRMFE6qtMa5FTxvkU/IWJz1kP6y/oXTSd6+ZV57LRusuDLKMTdIrOkYNuUAs9oDbqIooAPaMX9Gq9We/Wh/W5Wi1Z+c0xKpT1/QNxBKRR</latexit>

h



<latexit sha1_base64="OYkcgK/+ibMCUKvHwDjDXCHdfJw="></latexit>

S = SO(N)→Z2
+

∫
ddx ω̄/εω +

∫
ddxhϑω̄ω

The biconical model with fermions
Add Dirac fermions and couple to      sector through Yukawa interaction

<latexit sha1_base64="cHqOwSGBz5VXCpuSZMeVjmR0lcs=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZab4WhbduKxgH9gZSpJJ29AkMyQZoQzzG4Ir/RN34talP+LaTDsL23ogcDjnXu7JwTFn2rjut7Oyura+sVnaKm/v7O7tVw4O2zpKFKEtEvFIdTHSlDNJW4YZTruxokhgTjt4fJv7nSeqNIvkg5nENBBoKNmAEWSs5PsCmRHG6WPWr/crVbfmTgGXiVeQKijQ7Fd+/DAiiaDSEI607nlubIIUKcMIp1nZTzSNERmjIe1ZKpGgOkinmTN4apUQDiJlnzRwqv7dSJHQeiKwncwz6kUvF//zeokZXAcpk3FiqCSzQ4OEQxPBvAAYMkWJ4RNLEFHMZoVkhBQixtY0dwVjMfeJNNR51swW5S3Wskza9Zp3Wbu4P682borKSuAYnIAz4IEr0AB3oAlagIAYPINX8Oa8OO/Oh/M5G11xip0jMAfn6xePNqEk</latexit>Z2

In                  ,
<latexit sha1_base64="LWsd7xYyqrQrfi8m7btTR1VmnQI=">AAACM3icbVDLSsNAFJ3UV219tLp0M1gEN5ZE6mMjFN24rGAf0IYymdy0QycPZiaFEvonbvUP/BhxJ279BydtFqb1wIXDOfdy7z1OxJlUpvlhFDY2t7Z3irul8t7+wWGletSRYSwotGnIQ9FziATOAmgrpjj0IgHEdzh0nclD6nenICQLg2c1i8D2yShgHqNEaWlYqbj4DjfwBR5AJBlPpZpZNxfA68TKSA1laA2rRnnghjT2IVCUEyn7lhkpOyFCMcphXhrEEiJCJ2QEfU0D4oO0k8Xpc3ymFRd7odAVKLxQ/04kxJdy5ju60ydqLFe9VPzP68fKu7UTFkSxgoAuF3kxxyrEaQ7YZQKo4jNNCBVM34rpmAhClU4rt8Vx/NwTiSvTW/Oa1J+PwZ3r+KzVsNZJ57JuXdevnhq15n0WZBGdoFN0jix0g5roEbVQG1E0RS/oFb0Z78an8WV8L1sLRjZzjHIwfn4B9s6piA==</latexit>

d = 4→ ω
<latexit sha1_base64="kGC1h5LxTpgXjyR5amTGutIFV2A="></latexit>

ωω = O(ε2)     is slightly relevant deformation of BFP
<latexit sha1_base64="+I0jTYVUX7s+7FSRQSCLe1AbXYA=">AAACInicbVDLSsNAFJ3UV219tLp0M1gEVyURX8uiG5ct2Ae0oUwmN+3QmSTMTIQS+gVu9Q/8GnfiSvBjnLRZmOqFC4dz7+Wec7yYM6Vt+8sqbWxube+UdyvVvf2Dw1r9qKeiRFLo0ohHcuARBZyF0NVMcxjEEojwOPS92X027z+BVCwKH/U8BleQScgCRok2VGc6rjXspr0s/Bc4OWigvNrjulUd+RFNBISacqLU0LFj7aZEakY5LCqjREFM6IxMYGhgSAQoN10qXeAzw/g4iKTpUOMl+/siJUKpufDMpiB6qtZnGfnfbJjo4NZNWRgnGkK6ehQkHOsIZ7axzyRQzecGECqZ0YrplEhCtQmn8MXzRMFE6qtMa5FTxvkU/IWJz1kP6y/oXTSd6+ZV57LRusuDLKMTdIrOkYNuUAs9oDbqIooAPaMX9Gq9We/Wh/W5Wi1Z+c0xKpT1/QNxBKRR</latexit>

h

For            , the action admits the parity symmetry 
<latexit sha1_base64="s2RKQVx2Rx6tJa28hl+SETMqNs0=">AAACKXicbVDLSsNAFJ34rK2PVpduBovgqiTia1l047KCfUAbymRy0w6dTOLMRCihP+FW/8Cvcadu/REnbRam9cKFw7n3cs85XsyZ0rb9Za2tb2xubZd2ypXdvf2Dau2wo6JEUmjTiEe y5xEFnAloa6Y59GIJJPQ4dL3JXTbvPoNULBKPehqDG5KRYAGjRBuqN8YDAU/YHlbrdsOeF14FTg7qKK/WsGZVBn5EkxCEppwo1XfsWLspkZpRDrPyIFEQEzohI+gbKEgIyk3ngmf41DA+DiJpWmg8Z/9epCRUahp6ZjMkeqyWZxn536yf6ODGTZmIEw2CLh4FCcc6wpl77DMJVPOpAYRKZrRiOiaSUG0yKnzxvLBgIvVVprXIKeN8DP7MxOcsh7UKOucN56px+XBRb97mQZbQMTpBZ8hB16iJ7lELtRFFHL2gV/RmvVsf1qf1vVhds/KbI1Qo6+cXFnimpw==</latexit>

h →= 0

<latexit sha1_base64="ATDx84wrpHEkF1vvuz1SjWz+EGU="></latexit>

P : x1 → ↑x1, ω → ↑ω, ε → ϑ1ε, ε̄ → ↑ε̄ϑ1

and is spontaneously broken for              . 
<latexit sha1_base64="yPDUZ9kcFe2S6UDvbmWWJrdN5AI=">AAACO3icbVDLSsNAFJ34rK2PVjeCm8EiuCqJ+FpJ0Y3LCvYBTSmTyW07dDIJMxOhhPo1bvUP/BDX7sSteydtFqb1wMCZc+/l3nO8iDOlbfvDWlldW9/YLGwVS9s7u3vlyn5LhbGk0KQhD2XHIwo4E9DUTHPoRBJI4HFoe+O7tN5+AqlYKB71JIJeQIaCDRgl2kj98qHLiRhywC4dMezK+ecG2/1y1a7ZM+Bl4mSkijI0+hWr5PohjQMQmnKiVNexI91LiNSMcpgW3VhBROiYDKFrqCABqF4yszDFJ0bx8SCU5gmNZ+rfiYQESk0Cz3QGRI/UYi0V/6t1Yz247iVMRLEGQeeLBjHHOsRpHthnEqjmE0MIlczciumISEK1SS23xfOCnInEV+mteU0Z5yPwpyY+ZzGsZdI6qzmXtYuH82r9NguygI7QMTpFDrpCdXSPGqiJKHpGL+gVvVnv1qf1ZX3PW1esbOYA5WD9/AIkw60i</latexit>

→ω↑ > 0



<latexit sha1_base64="C648FTLSJBxnLR8XfIJC0LKQ6gI="></latexit>

U(ωω, ωε) =
n+m→nmax∑

n+m↑1

εnm

n!m!
(ωω → ϑω)

n(ωε → ϑε)
m ,

FRG for the biconical model with fermions
Study RG flow using FRG within extended local potential approximation

<latexit sha1_base64="As4CTiZLQmEiOkpvronaLjj1sq4="></latexit>

!k[”] =

∫
ddx

{
Zω,k

2
(ωε)2 +

Zε,k

2
(ωϑ)2 + Uk[ϖω, ϖε] + Zϑ,kϱ̄/ωϱ + hkϑϱ̄ϱ

}
.

with truncated effective potential

<latexit sha1_base64="Phf3cMDMnaZMnvRGPtFPiAZpF7k="></latexit>

(ωωiU)(εε,εϑ) = 0



<latexit sha1_base64="C648FTLSJBxnLR8XfIJC0LKQ6gI="></latexit>

U(ωω, ωε) =
n+m→nmax∑

n+m↑1

εnm

n!m!
(ωω → ϑω)

n(ωε → ϑε)
m ,

FRG for the biconical model with fermions
Study RG flow using FRG within extended local potential approximation

<latexit sha1_base64="As4CTiZLQmEiOkpvronaLjj1sq4="></latexit>

!k[”] =

∫
ddx

{
Zω,k

2
(ωε)2 +

Zε,k

2
(ωϑ)2 + Uk[ϖω, ϖε] + Zϑ,kϱ̄/ωϱ + hkϑϱ̄ϱ

}
.

with truncated effective potential

System can be in four phases:

(1) SSB-SSB:
<latexit sha1_base64="1rrifnbYvGQK38sJHnjy33CVIsk="></latexit>

O(N)→ Z2 ↑ O(N ↓ 1)

<latexit sha1_base64="FN6CJh4S4fyOiXLCUoDHwpFl7bo="></latexit>

O(N)→ Z2 ↑ O(N)

<latexit sha1_base64="aO4SfxxyNX7TA0sNn+pNG0450Y8="></latexit>

O(N)→ Z2 ↑ O(N ↓ 1)→ Z2

<latexit sha1_base64="rZ3ubQhwsOhwNu0favb4k0VC47w=">AAACL3icbVDLSgMxFM3UV62vqks3oUWomzJTfC2LblxpBWuLnaEkadqGJjNDkhHKMHu/RnClfyJuxK0/4NrMtAvbeuHC4dx7OeceHHKmtG1/WLml5ZXVtfx6YWNza3unuLt3r4JIEtokAQ9kGyNFOfNpUzPNaTuUFAnMaQuPLtN565FKxQL/To9D6gk08FmfEaQN1S2WXIH0UIr4JqlcH0FXM0EVzEiM44ekW4PdYtmu2lnBReBMQRlMq9Et/ri9gESC+ppwpFTHsUPtxUhqRjhNCm6kaIjICA1ox0AfGUkvzn5J4KFherAfSNO+hhn79yJGQqmxwGYzNanmZyn536wT6f65FzM/jDT1yUSoH3GoA5gGA3tMUqL52ABEJDNeIRkiiYg28c2oYCxmnoh7KvWamKCc+VgWwX2t6pxWT26Py/WLaWR5cABKoAIccAbq4Ao0QBMQ8ASewSt4s16sd+vT+pqs5qzpzT6YKev7F6bMqdo=</latexit>

O(N)→ Z2

(2) SSB-SYM:
(3) SYM-SSB:
(4) SYM-SYM:

Eichhorn et al., Phys. Rev. E 88, 042141 (2013)

SSB-SSB phase

<latexit sha1_base64="Phf3cMDMnaZMnvRGPtFPiAZpF7k="></latexit>

(ωωiU)(εε,εϑ) = 0



FRG for the biconical model with fermions
Study RG flow using FRG within extended local potential approximation

<latexit sha1_base64="As4CTiZLQmEiOkpvronaLjj1sq4="></latexit>

!k[”] =

∫
ddx

{
Zω,k

2
(ωε)2 +

Zε,k

2
(ωϑ)2 + Uk[ϖω, ϖε] + Zϑ,kϱ̄/ωϱ + hkϑϱ̄ϱ

}
.

In                  , theory is weakly coupled. Include only canonically relevant scalar couplings
<latexit sha1_base64="LWsd7xYyqrQrfi8m7btTR1VmnQI=">AAACM3icbVDLSsNAFJ3UV219tLp0M1gEN5ZE6mMjFN24rGAf0IYymdy0QycPZiaFEvonbvUP/BhxJ279BydtFqb1wIXDOfdy7z1OxJlUpvlhFDY2t7Z3irul8t7+wWGletSRYSwotGnIQ9FziATOAmgrpjj0IgHEdzh0nclD6nenICQLg2c1i8D2yShgHqNEaWlYqbj4DjfwBR5AJBlPpZpZNxfA68TKSA1laA2rRnnghjT2IVCUEyn7lhkpOyFCMcphXhrEEiJCJ2QEfU0D4oO0k8Xpc3ymFRd7odAVKLxQ/04kxJdy5ju60ydqLFe9VPzP68fKu7UTFkSxgoAuF3kxxyrEaQ7YZQKo4jNNCBVM34rpmAhClU4rt8Vx/NwTiSvTW/Oa1J+PwZ3r+KzVsNZJ57JuXdevnhq15n0WZBGdoFN0jix0g5roEbVQG1E0RS/oFb0Z78an8WV8L1sLRjZzjHIwfn4B9s6piA==</latexit>

d = 4→ ω
<latexit sha1_base64="3Ys/QfQh1S+ikRTGmYpy1WCVE58="></latexit>

Uk[ωω, ωε] = m2
ωωω +m2

εωε +
εω

2
ω2ω +

εε

2
ω2ε + εωεωωωε



FRG for the biconical model with fermions
Study RG flow using FRG within extended local potential approximation

<latexit sha1_base64="As4CTiZLQmEiOkpvronaLjj1sq4="></latexit>

!k[”] =

∫
ddx

{
Zω,k

2
(ωε)2 +

Zε,k

2
(ωϑ)2 + Uk[ϖω, ϖε] + Zϑ,kϱ̄/ωϱ + hkϑϱ̄ϱ

}
.

In                  , theory is weakly coupled. Include only canonically relevant scalar couplings
<latexit sha1_base64="LWsd7xYyqrQrfi8m7btTR1VmnQI=">AAACM3icbVDLSsNAFJ3UV219tLp0M1gEN5ZE6mMjFN24rGAf0IYymdy0QycPZiaFEvonbvUP/BhxJ279BydtFqb1wIXDOfdy7z1OxJlUpvlhFDY2t7Z3irul8t7+wWGletSRYSwotGnIQ9FziATOAmgrpjj0IgHEdzh0nclD6nenICQLg2c1i8D2yShgHqNEaWlYqbj4DjfwBR5AJBlPpZpZNxfA68TKSA1laA2rRnnghjT2IVCUEyn7lhkpOyFCMcphXhrEEiJCJ2QEfU0D4oO0k8Xpc3ymFRd7odAVKLxQ/04kxJdy5ju60ydqLFe9VPzP68fKu7UTFkSxgoAuF3kxxyrEaQ7YZQKo4jNNCBVM34rpmAhClU4rt8Vx/NwTiSvTW/Oa1J+PwZ3r+KzVsNZJ57JuXdevnhq15n0WZBGdoFN0jix0g5roEbVQG1E0RS/oFb0Z78an8WV8L1sLRjZzjHIwfn4B9s6piA==</latexit>

d = 4→ ω
<latexit sha1_base64="3Ys/QfQh1S+ikRTGmYpy1WCVE58="></latexit>

Uk[ωω, ωε] = m2
ωωω +m2

εωε +
εω

2
ω2ω +

εε

2
ω2ε + εωεωωωε

<latexit sha1_base64="1NoyGZeWRoGK8QPqXWD3NF9UYdc="></latexit>

ωωω = →εϑε + (N + 8)ϑ2
ε + ϑ2

εϑ,

ωωωε = →εϑεϑ + 4Nfϑεϑh
2 + 3ϑϑϑεϑ + ϑ2

εϑ + (N + 2)ϑεϑεϑ,

ωωε = →εϑϑ +
(
9ϑ2

ϑ +Nϑ2
εϑ + 8Nfϑϑh

2 → 9Nfh
4
)
,

ωh2 = →εh2 + (4Nf + 6)h4.

At the fixed point,                               , and at leading order in the couplings,                  
<latexit sha1_base64="vAzPoCTcTUqHOrkdrI+1csszBAw=">AAACLXicbVDLSgMxFM3UV62vqks3wSK0mzJT6mMjFN24s4J9QKeWTCbThiaZIckIZeiP+BP+glvduxDEhRt/w0zbhW09EDicc185XsSo0rb9YWVWVtfWN7Kbua3tnd29/P5BU4WxxKSBQxbKtocUYVSQhqaakXYkCeIeIy1veJ36rUciFQ3FvR5FpMtRX9CAYqSN1MtXeY8+VOAldDnSA4xYcjsuuswM8FFpUSaRoiwUpV6+YJftCeAycWakAGao9/Lfrh/imBOhMUNKdRw70t0ESU0xI+OcGysSITxEfdIxVCBOVDeZ/G4MT4ziwyCU5gkNJ+rfjgRxpUbcM5XpsWrRS8X/vE6sg4tuQkUUayLwdFEQM6hDmEYFfSoJ1mxkCMKSmlshHiCJsDaBzm3xPD42oTiLESyTZqXsnJVP76qF2tUsniw4AsegCBxwDmrgBtRBA2DwBF7AK3iznq1369P6mpZmrFnPIZiD9fMLTRioKQ==</latexit>

m2
i = O(ω) = O(ε)



FRG for the biconical model with fermions
In                  , theory is weakly coupled, and above ansatz reproduces one-loop beta functions

<latexit sha1_base64="LWsd7xYyqrQrfi8m7btTR1VmnQI=">AAACM3icbVDLSsNAFJ3UV219tLp0M1gEN5ZE6mMjFN24rGAf0IYymdy0QycPZiaFEvonbvUP/BhxJ279BydtFqb1wIXDOfdy7z1OxJlUpvlhFDY2t7Z3irul8t7+wWGletSRYSwotGnIQ9FziATOAmgrpjj0IgHEdzh0nclD6nenICQLg2c1i8D2yShgHqNEaWlYqbj4DjfwBR5AJBlPpZpZNxfA68TKSA1laA2rRnnghjT2IVCUEyn7lhkpOyFCMcphXhrEEiJCJ2QEfU0D4oO0k8Xpc3ymFRd7odAVKLxQ/04kxJdy5ju60ydqLFe9VPzP68fKu7UTFkSxgoAuF3kxxyrEaQ7YZQKo4jNNCBVM34rpmAhClU4rt8Vx/NwTiSvTW/Oa1J+PwZ3r+KzVsNZJ57JuXdevnhq15n0WZBGdoFN0jix0g5roEbVQG1E0RS/oFb0Z78an8WV8L1sLRjZzjHIwfn4B9s6piA==</latexit>

d = 4→ ω

<latexit sha1_base64="1NoyGZeWRoGK8QPqXWD3NF9UYdc="></latexit>

ωωω = →εϑε + (N + 8)ϑ2
ε + ϑ2

εϑ,

ωωωε = →εϑεϑ + 4Nfϑεϑh
2 + 3ϑϑϑεϑ + ϑ2

εϑ + (N + 2)ϑεϑεϑ,

ωωε = →εϑϑ +
(
9ϑ2

ϑ +Nϑ2
εϑ + 8Nfϑϑh

2 → 9Nfh
4
)
,

ωh2 = →εh2 + (4Nf + 6)h4.

Fixed points



FRG for the biconical model with fermions
In                  , theory is weakly coupled, and above ansatz reproduces one-loop beta functions

<latexit sha1_base64="LWsd7xYyqrQrfi8m7btTR1VmnQI=">AAACM3icbVDLSsNAFJ3UV219tLp0M1gEN5ZE6mMjFN24rGAf0IYymdy0QycPZiaFEvonbvUP/BhxJ279BydtFqb1wIXDOfdy7z1OxJlUpvlhFDY2t7Z3irul8t7+wWGletSRYSwotGnIQ9FziATOAmgrpjj0IgHEdzh0nclD6nenICQLg2c1i8D2yShgHqNEaWlYqbj4DjfwBR5AJBlPpZpZNxfA68TKSA1laA2rRnnghjT2IVCUEyn7lhkpOyFCMcphXhrEEiJCJ2QEfU0D4oO0k8Xpc3ymFRd7odAVKLxQ/04kxJdy5ju60ydqLFe9VPzP68fKu7UTFkSxgoAuF3kxxyrEaQ7YZQKo4jNNCBVM34rpmAhClU4rt8Vx/NwTiSvTW/Oa1J+PwZ3r+KzVsNZJ57JuXdevnhq15n0WZBGdoFN0jix0g5roEbVQG1E0RS/oFb0Z78an8WV8L1sLRjZzjHIwfn4B9s6piA==</latexit>

d = 4→ ω

<latexit sha1_base64="1NoyGZeWRoGK8QPqXWD3NF9UYdc="></latexit>

ωωω = →εϑε + (N + 8)ϑ2
ε + ϑ2

εϑ,

ωωωε = →εϑεϑ + 4Nfϑεϑh
2 + 3ϑϑϑεϑ + ϑ2

εϑ + (N + 2)ϑεϑεϑ,

ωωε = →εϑϑ +
(
9ϑ2

ϑ +Nϑ2
εϑ + 8Nfϑϑh

2 → 9Nfh
4
)
,

ωh2 = →εh2 + (4Nf + 6)h4.

Fixed points

• biconical FP with free fermions (            )
<latexit sha1_base64="UghTwZVXT6DVzgYnARdnNOIzQkE="></latexit>

ω→
ω,ω

→
ε > 0,ω→

ωε < 0, h→ = 0

<latexit sha1_base64="RAN2kC+6YWRj2rwrek30ol58O9s=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjLCk1baEOYTCbt0JkkzEyEEuLXuNU/8ENcuxO37p20EUzrhYEz59zLvee4ESVCGsa7Vlpb39jcKm9Xqju7e/u1+kFPhDFH2EIhDfnAhQJTEmBLEknxIOIYMpfivjttZ3r/EXNBwqArZxG2GRwHxCcISkU5taMRg3LCWdK+66bO78fqpU6tYTSNeemrwMxBA+TVcepadeSFKGY4kIhCIYamEUk7gVwSRHFaGcUCRxBN4RgPFQwgw8JO5hZS/VQxnu6HXL1A6nP270QCmRAz5qrO7EaxrGXkf9owlv6NnZAgiiUO0GKRH1NdhnqWh+4RjpGkMwUg4kTdqqMJ5BBJlVphi+uygonEE9mtRU4o5xPsZfGZy2Gtgt5507xqXj5cNFq3eZBlcAxOwBkwwTVogXvQARZA4Ak8gxfwqr1pH9qn9rVoLWn5zCEolPb9A8iyrqE=</latexit>

CFTUV



FRG for the biconical model with fermions
In                  , theory is weakly coupled, and above ansatz reproduces one-loop beta functions

<latexit sha1_base64="LWsd7xYyqrQrfi8m7btTR1VmnQI=">AAACM3icbVDLSsNAFJ3UV219tLp0M1gEN5ZE6mMjFN24rGAf0IYymdy0QycPZiaFEvonbvUP/BhxJ279BydtFqb1wIXDOfdy7z1OxJlUpvlhFDY2t7Z3irul8t7+wWGletSRYSwotGnIQ9FziATOAmgrpjj0IgHEdzh0nclD6nenICQLg2c1i8D2yShgHqNEaWlYqbj4DjfwBR5AJBlPpZpZNxfA68TKSA1laA2rRnnghjT2IVCUEyn7lhkpOyFCMcphXhrEEiJCJ2QEfU0D4oO0k8Xpc3ymFRd7odAVKLxQ/04kxJdy5ju60ydqLFe9VPzP68fKu7UTFkSxgoAuF3kxxyrEaQ7YZQKo4jNNCBVM34rpmAhClU4rt8Vx/NwTiSvTW/Oa1J+PwZ3r+KzVsNZJ57JuXdevnhq15n0WZBGdoFN0jix0g5roEbVQG1E0RS/oFb0Z78an8WV8L1sLRjZzjHIwfn4B9s6piA==</latexit>

d = 4→ ω

<latexit sha1_base64="1NoyGZeWRoGK8QPqXWD3NF9UYdc="></latexit>

ωωω = →εϑε + (N + 8)ϑ2
ε + ϑ2

εϑ,

ωωωε = →εϑεϑ + 4Nfϑεϑh
2 + 3ϑϑϑεϑ + ϑ2

εϑ + (N + 2)ϑεϑεϑ,

ωωε = →εϑϑ +
(
9ϑ2

ϑ +Nϑ2
εϑ + 8Nfϑϑh

2 → 9Nfh
4
)
,

ωh2 = →εh2 + (4Nf + 6)h4.

Fixed points

• biconical FP with free fermions (            )
<latexit sha1_base64="UghTwZVXT6DVzgYnARdnNOIzQkE="></latexit>

ω→
ω,ω

→
ε > 0,ω→

ωε < 0, h→ = 0

<latexit sha1_base64="RAN2kC+6YWRj2rwrek30ol58O9s=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjLCk1baEOYTCbt0JkkzEyEEuLXuNU/8ENcuxO37p20EUzrhYEz59zLvee4ESVCGsa7Vlpb39jcKm9Xqju7e/u1+kFPhDFH2EIhDfnAhQJTEmBLEknxIOIYMpfivjttZ3r/EXNBwqArZxG2GRwHxCcISkU5taMRg3LCWdK+66bO78fqpU6tYTSNeemrwMxBA+TVcepadeSFKGY4kIhCIYamEUk7gVwSRHFaGcUCRxBN4RgPFQwgw8JO5hZS/VQxnu6HXL1A6nP270QCmRAz5qrO7EaxrGXkf9owlv6NnZAgiiUO0GKRH1NdhnqWh+4RjpGkMwUg4kTdqqMJ5BBJlVphi+uygonEE9mtRU4o5xPsZfGZy2Gtgt5507xqXj5cNFq3eZBlcAxOwBkwwTVogXvQARZA4Ak8gxfwqr1pH9qn9rVoLWn5zCEolPb9A8iyrqE=</latexit>

CFTUV

• Gross-Neveu FP with critical          sector (           )
<latexit sha1_base64="pQ8w/hbN+N7Y3rnKuB2u/ikoldw=">AAACLnicbVDLSsNAFJ34rK2PVpduBotQNyURX8uiG1dawT6gDWUymbZDZyZxZiKUkO9wq3/g1wguxK2f4aTNwrReuHA4517uuccLGVXatj+tldW19Y3NwlaxtL2zu1eu7LdVEElMWjhggex6SBFGBWlpqhnphpIg7jHS8SY3qd55JlLRQDzqaUhcjkaCDilG2lBunyM9ljy+T2p3J4Ny1a7bs4LLwMlAFWTVHFSsUt8PcMSJ0JghpXqOHWo3RlJTzEhS7EeKhAhP0Ij0DBSIE+XGM9cJPDaMD4eBNC00nLF/N2LElZpyz0ymLtWilpL/ab1ID6/cmIow0kTg+aFhxKAOYBoB9KkkWLOpAQhLarxCPEYSYW2Cyl3xPJ57IvZV6jXPKfP5mPiJic9ZDGsZtE/rzkX9/OGs2rjOgiyAQ3AEasABl6ABbkETtAAGT+AFvII36936sL6s7/noipXtHIBcWT+/83KpLA==</latexit>

O(N)
<latexit sha1_base64="BBqYx4nsSR3doKqyKLB8XLtkpdk=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjuqvQFbQiTyaQdOpOEmYlQQvwat/oHfohrd+LWvZM2gmm9MHDmnHu59xwnpERIw3jXCiura+sbxc1SeWt7Z7dS3euKIOIId1BAA953oMCU+LgjiaS4H3IMmUNxz5k0U733iLkggd+W0xBbDI584hEEpaLsysGQQTnmLG7etBP793P3kNiVmlE3ZqUvAzMDNZBVy65q5aEboIhhXyIKhRiYRiitGHJJEMVJaRgJHEI0gSM8UNCHDAsrnllI9GPFuLoXcPV8qc/YvxMxZEJMmaM60xvFopaS/2mDSHpXVkz8MJLYR/NFXkR1GehpHrpLOEaSThWAiBN1q47GkEMkVWq5LY7DciZiV6S35jmhnI+xm8ZnLoa1DLqndfOifn5/VmtcZ0EWwSE4AifABJegAW5BC3QAAk/gGbyAV+1N+9A+ta95a0HLZvZBrrTvH6y2rpE=</latexit>

CFTIR

<latexit sha1_base64="iTKGeiHuED6+kt0oieQqOvSzI+M="></latexit>

ω→
ω,ω

→
ε > 0,ω→

ωε = 0, h→ > 0



FRG for the biconical model with fermions
In                  , theory is weakly coupled, and above ansatz reproduces one-loop beta functions

<latexit sha1_base64="LWsd7xYyqrQrfi8m7btTR1VmnQI=">AAACM3icbVDLSsNAFJ3UV219tLp0M1gEN5ZE6mMjFN24rGAf0IYymdy0QycPZiaFEvonbvUP/BhxJ279BydtFqb1wIXDOfdy7z1OxJlUpvlhFDY2t7Z3irul8t7+wWGletSRYSwotGnIQ9FziATOAmgrpjj0IgHEdzh0nclD6nenICQLg2c1i8D2yShgHqNEaWlYqbj4DjfwBR5AJBlPpZpZNxfA68TKSA1laA2rRnnghjT2IVCUEyn7lhkpOyFCMcphXhrEEiJCJ2QEfU0D4oO0k8Xpc3ymFRd7odAVKLxQ/04kxJdy5ju60ydqLFe9VPzP68fKu7UTFkSxgoAuF3kxxyrEaQ7YZQKo4jNNCBVM34rpmAhClU4rt8Vx/NwTiSvTW/Oa1J+PwZ3r+KzVsNZJ57JuXdevnhq15n0WZBGdoFN0jix0g5roEbVQG1E0RS/oFb0Z78an8WV8L1sLRjZzjHIwfn4B9s6piA==</latexit>

d = 4→ ω

<latexit sha1_base64="1NoyGZeWRoGK8QPqXWD3NF9UYdc="></latexit>

ωωω = →εϑε + (N + 8)ϑ2
ε + ϑ2

εϑ,

ωωωε = →εϑεϑ + 4Nfϑεϑh
2 + 3ϑϑϑεϑ + ϑ2

εϑ + (N + 2)ϑεϑεϑ,

ωωε = →εϑϑ +
(
9ϑ2

ϑ +Nϑ2
εϑ + 8Nfϑϑh

2 → 9Nfh
4
)
,

ωh2 = →εh2 + (4Nf + 6)h4.

Fixed points

• biconical FP with free fermions (            )
<latexit sha1_base64="UghTwZVXT6DVzgYnARdnNOIzQkE="></latexit>

ω→
ω,ω

→
ε > 0,ω→

ωε < 0, h→ = 0

<latexit sha1_base64="RAN2kC+6YWRj2rwrek30ol58O9s=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjLCk1baEOYTCbt0JkkzEyEEuLXuNU/8ENcuxO37p20EUzrhYEz59zLvee4ESVCGsa7Vlpb39jcKm9Xqju7e/u1+kFPhDFH2EIhDfnAhQJTEmBLEknxIOIYMpfivjttZ3r/EXNBwqArZxG2GRwHxCcISkU5taMRg3LCWdK+66bO78fqpU6tYTSNeemrwMxBA+TVcepadeSFKGY4kIhCIYamEUk7gVwSRHFaGcUCRxBN4RgPFQwgw8JO5hZS/VQxnu6HXL1A6nP270QCmRAz5qrO7EaxrGXkf9owlv6NnZAgiiUO0GKRH1NdhnqWh+4RjpGkMwUg4kTdqqMJ5BBJlVphi+uygonEE9mtRU4o5xPsZfGZy2Gtgt5507xqXj5cNFq3eZBlcAxOwBkwwTVogXvQARZA4Ak8gxfwqr1pH9qn9rVoLWn5zCEolPb9A8iyrqE=</latexit>

CFTUV

• Gross-Neveu FP with critical          sector (           )
<latexit sha1_base64="pQ8w/hbN+N7Y3rnKuB2u/ikoldw=">AAACLnicbVDLSsNAFJ34rK2PVpduBotQNyURX8uiG1dawT6gDWUymbZDZyZxZiKUkO9wq3/g1wguxK2f4aTNwrReuHA4517uuccLGVXatj+tldW19Y3NwlaxtL2zu1eu7LdVEElMWjhggex6SBFGBWlpqhnphpIg7jHS8SY3qd55JlLRQDzqaUhcjkaCDilG2lBunyM9ljy+T2p3J4Ny1a7bs4LLwMlAFWTVHFSsUt8PcMSJ0JghpXqOHWo3RlJTzEhS7EeKhAhP0Ij0DBSIE+XGM9cJPDaMD4eBNC00nLF/N2LElZpyz0ymLtWilpL/ab1ID6/cmIow0kTg+aFhxKAOYBoB9KkkWLOpAQhLarxCPEYSYW2Cyl3xPJ57IvZV6jXPKfP5mPiJic9ZDGsZtE/rzkX9/OGs2rjOgiyAQ3AEasABl6ABbkETtAAGT+AFvII36936sL6s7/noipXtHIBcWT+/83KpLA==</latexit>

O(N)
<latexit sha1_base64="BBqYx4nsSR3doKqyKLB8XLtkpdk=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjuqvQFbQiTyaQdOpOEmYlQQvwat/oHfohrd+LWvZM2gmm9MHDmnHu59xwnpERIw3jXCiura+sbxc1SeWt7Z7dS3euKIOIId1BAA953oMCU+LgjiaS4H3IMmUNxz5k0U733iLkggd+W0xBbDI584hEEpaLsysGQQTnmLG7etBP793P3kNiVmlE3ZqUvAzMDNZBVy65q5aEboIhhXyIKhRiYRiitGHJJEMVJaRgJHEI0gSM8UNCHDAsrnllI9GPFuLoXcPV8qc/YvxMxZEJMmaM60xvFopaS/2mDSHpXVkz8MJLYR/NFXkR1GehpHrpLOEaSThWAiBN1q47GkEMkVWq5LY7DciZiV6S35jmhnI+xm8ZnLoa1DLqndfOifn5/VmtcZ0EWwSE4AifABJegAW5BC3QAAk/gGbyAV+1N+9A+ta95a0HLZvZBrrTvH6y2rpE=</latexit>

CFTIR

<latexit sha1_base64="iTKGeiHuED6+kt0oieQqOvSzI+M="></latexit>

ω→
ω,ω

→
ε > 0,ω→

ωε = 0, h→ > 0

●
●



FRG for the biconical model with fermions



FRG for the biconical model with fermions
Continuation of fixed points from                   to            using FRG beta functions in

<latexit sha1_base64="LWsd7xYyqrQrfi8m7btTR1VmnQI=">AAACM3icbVDLSsNAFJ3UV219tLp0M1gEN5ZE6mMjFN24rGAf0IYymdy0QycPZiaFEvonbvUP/BhxJ279BydtFqb1wIXDOfdy7z1OxJlUpvlhFDY2t7Z3irul8t7+wWGletSRYSwotGnIQ9FziATOAmgrpjj0IgHEdzh0nclD6nenICQLg2c1i8D2yShgHqNEaWlYqbj4DjfwBR5AJBlPpZpZNxfA68TKSA1laA2rRnnghjT2IVCUEyn7lhkpOyFCMcphXhrEEiJCJ2QEfU0D4oO0k8Xpc3ymFRd7odAVKLxQ/04kxJdy5ju60ydqLFe9VPzP68fKu7UTFkSxgoAuF3kxxyrEaQ7YZQKo4jNNCBVM34rpmAhClU4rt8Vx/NwTiSvTW/Oa1J+PwZ3r+KzVsNZJ57JuXdevnhq15n0WZBGdoFN0jix0g5roEbVQG1E0RS/oFb0Z78an8WV8L1sLRjZzjHIwfn4B9s6piA==</latexit>

d = 4→ ω
<latexit sha1_base64="ttBhRLBrKESBOWJ/eyJf156zcDk=">AAACJnicbVDLSsNAFJ3UV219tLp0M1gEVyXxvRGKblxWMG2hDWUymbRDZyZhZiKU0G9wq3/g17gTceenOGmzMK0XLhzOvZd7zvFjRpW27W+rtLa+sblV3q5Ud3b39mv1g46KEomJiyMWyZ6PFGFUEFdTzUgvlgRxn5GuP7nP5t1nIhWNxJOexsTjaCRoSDHShnIDeAvPh7WG3bTnBVeBk4MGyKs9rFvVQRDhhBOhMUNK9R071l6KpKaYkVllkCgSIzxBI9I3UCBOlJfO1c7giWECGEbStNBwzv69SBFXasp9s8mRHqvlWUb+N+snOrzxUiriRBOBF4/ChEEdwcw6DKgkWLOpAQhLarRCPEYSYW0CKnzxfV4wkQYq01rklHE+JsHMxOcsh7UKOmdN56p5+XjRaN3lQZbBETgGp8AB16AFHkAbuAADCl7AK3iz3q0P69P6WqyWrPzmEBTK+vkFM9ilJQ==</latexit>

d = 3
<latexit sha1_base64="puJldnyQ12NxCYxQIQ8/PfTeFNI=">AAACOHicbVDLSsNAFJ34rK2PVnHlZrAIrkoiPrqsunHhooJ9QFPLZHLbDp1JwsxEKKEf41b/wD9x507c+gVO2i5M64ULh3Pu5Z57vIgzpW37w1pZXVvf2Mxt5QvbO7t7xdJ+U4WxpNCgIQ9l2yMKOAugoZnm0I4kEOFxaHmj21RvPYNULAwe9TiCriCDgPUZJdpQveKhK4geSpHc168nT24kmQBc7RXLdsWeFl4GzhyU0bzqvZJVcP2QxgICTTlRquPYke4mRGpGOUzybqwgInREBtAxMCACVDeZ+p/gE8P4uB9K04HGU/bvRkKEUmPhmcnUrVrUUvI/rRPrfrWbsCCKNQR0dqgfc6xDnIaBfSaBaj42gFDJjFdMh0QSqk1kmSueJzJPJL5KvWY5ZT4fgj8x8TmLYS2D5lnFuaxcPJyXazfzIHPoCB2jU+SgK1RDd6iOGoiiBL2gV/RmvVuf1pf1PRtdseY7ByhT1s8vP0ysyw==</latexit>

LPA→8

<latexit sha1_base64="snUROXMjz4L8EmTwQ9Zqf5GwsPo="></latexit>

SSB-SSB ωω ωε εω εε εωε h ϑ1 ϑ2 ϑ3 ϑh
CFTUV 1.93 0.26 0.29 0.31 –0.29 0 1.99 1.01 0.95 0.50

SSB-SYM ωω εω ϑ m2
ε εε h ϑ εωε

CFTIR 1.68 0.29 1.01 0.40 5.42 1.51 0.98 0

<latexit sha1_base64="1hCj5FMNrdJp9mgqglOP2ShnWiY=">AAACM3icbVDLSsNAFJ3UV219pLp0M1gEF1KS4msjFN24KhXsA9oQJpNJO3QmCTOTQgn9E7f6B36MuBO3/oPTNgvTeuDC4Zx7ufceL2ZUKsv6MAobm1vbO8XdUnlv/+DQrBx1ZJQITNo4YpHoeUgSRkPSVlQx0osFQdxjpOuNH+Z+d0KEpFH4rKYxcTgahjSgGCktuabZhHfQtqwL2HQDTeuuWbVq1gJwndgZqYIMLbdilAd+hBNOQoUZkrJvW7FyUiQUxYzMSoNEkhjhMRqSvqYh4kQ66eL0GTzTig+DSOgKFVyofydSxKWcck93cqRGctWbi/95/UQFt05KwzhRJMTLRUHCoIrgPAfoU0GwYlNNEBZU3wrxCAmElU4rt8XzeO6J1JfzW/Oa1J+PiD/T8dmrYa2TTr1mX9euni6rjfssyCI4AafgHNjgBjTAI2iBNsBgAl7AK3gz3o1P48v4XrYWjGzmGORg/PwCdH2oGg==</latexit>

N = 100, Nf = 2



FRG for the biconical model with fermions
Continuation of fixed points from                   to            using FRG beta functions in

<latexit sha1_base64="LWsd7xYyqrQrfi8m7btTR1VmnQI=">AAACM3icbVDLSsNAFJ3UV219tLp0M1gEN5ZE6mMjFN24rGAf0IYymdy0QycPZiaFEvonbvUP/BhxJ279BydtFqb1wIXDOfdy7z1OxJlUpvlhFDY2t7Z3irul8t7+wWGletSRYSwotGnIQ9FziATOAmgrpjj0IgHEdzh0nclD6nenICQLg2c1i8D2yShgHqNEaWlYqbj4DjfwBR5AJBlPpZpZNxfA68TKSA1laA2rRnnghjT2IVCUEyn7lhkpOyFCMcphXhrEEiJCJ2QEfU0D4oO0k8Xpc3ymFRd7odAVKLxQ/04kxJdy5ju60ydqLFe9VPzP68fKu7UTFkSxgoAuF3kxxyrEaQ7YZQKo4jNNCBVM34rpmAhClU4rt8Vx/NwTiSvTW/Oa1J+PwZ3r+KzVsNZJ57JuXdevnhq15n0WZBGdoFN0jix0g5roEbVQG1E0RS/oFb0Z78an8WV8L1sLRjZzjHIwfn4B9s6piA==</latexit>

d = 4→ ω
<latexit sha1_base64="ttBhRLBrKESBOWJ/eyJf156zcDk=">AAACJnicbVDLSsNAFJ3UV219tLp0M1gEVyXxvRGKblxWMG2hDWUymbRDZyZhZiKU0G9wq3/g17gTceenOGmzMK0XLhzOvZd7zvFjRpW27W+rtLa+sblV3q5Ud3b39mv1g46KEomJiyMWyZ6PFGFUEFdTzUgvlgRxn5GuP7nP5t1nIhWNxJOexsTjaCRoSDHShnIDeAvPh7WG3bTnBVeBk4MGyKs9rFvVQRDhhBOhMUNK9R071l6KpKaYkVllkCgSIzxBI9I3UCBOlJfO1c7giWECGEbStNBwzv69SBFXasp9s8mRHqvlWUb+N+snOrzxUiriRBOBF4/ChEEdwcw6DKgkWLOpAQhLarRCPEYSYW0CKnzxfV4wkQYq01rklHE+JsHMxOcsh7UKOmdN56p5+XjRaN3lQZbBETgGp8AB16AFHkAbuAADCl7AK3iz3q0P69P6WqyWrPzmEBTK+vkFM9ilJQ==</latexit>

d = 3
<latexit sha1_base64="puJldnyQ12NxCYxQIQ8/PfTeFNI=">AAACOHicbVDLSsNAFJ34rK2PVnHlZrAIrkoiPrqsunHhooJ9QFPLZHLbDp1JwsxEKKEf41b/wD9x507c+gVO2i5M64ULh3Pu5Z57vIgzpW37w1pZXVvf2Mxt5QvbO7t7xdJ+U4WxpNCgIQ9l2yMKOAugoZnm0I4kEOFxaHmj21RvPYNULAwe9TiCriCDgPUZJdpQveKhK4geSpHc168nT24kmQBc7RXLdsWeFl4GzhyU0bzqvZJVcP2QxgICTTlRquPYke4mRGpGOUzybqwgInREBtAxMCACVDeZ+p/gE8P4uB9K04HGU/bvRkKEUmPhmcnUrVrUUvI/rRPrfrWbsCCKNQR0dqgfc6xDnIaBfSaBaj42gFDJjFdMh0QSqk1kmSueJzJPJL5KvWY5ZT4fgj8x8TmLYS2D5lnFuaxcPJyXazfzIHPoCB2jU+SgK1RDd6iOGoiiBL2gV/RmvVuf1pf1PRtdseY7ByhT1s8vP0ysyw==</latexit>

LPA→8

<latexit sha1_base64="snUROXMjz4L8EmTwQ9Zqf5GwsPo="></latexit>

SSB-SSB ωω ωε εω εε εωε h ϑ1 ϑ2 ϑ3 ϑh
CFTUV 1.93 0.26 0.29 0.31 –0.29 0 1.99 1.01 0.95 0.50

SSB-SYM ωω εω ϑ m2
ε εε h ϑ εωε

CFTIR 1.68 0.29 1.01 0.40 5.42 1.51 0.98 0

<latexit sha1_base64="1hCj5FMNrdJp9mgqglOP2ShnWiY=">AAACM3icbVDLSsNAFJ3UV219pLp0M1gEF1KS4msjFN24KhXsA9oQJpNJO3QmCTOTQgn9E7f6B36MuBO3/oPTNgvTeuDC4Zx7ufceL2ZUKsv6MAobm1vbO8XdUnlv/+DQrBx1ZJQITNo4YpHoeUgSRkPSVlQx0osFQdxjpOuNH+Z+d0KEpFH4rKYxcTgahjSgGCktuabZhHfQtqwL2HQDTeuuWbVq1gJwndgZqYIMLbdilAd+hBNOQoUZkrJvW7FyUiQUxYzMSoNEkhjhMRqSvqYh4kQ66eL0GTzTig+DSOgKFVyofydSxKWcck93cqRGctWbi/95/UQFt05KwzhRJMTLRUHCoIrgPAfoU0GwYlNNEBZU3wrxCAmElU4rt8XzeO6J1JfzW/Oa1J+PiD/T8dmrYa2TTr1mX9euni6rjfssyCI4AafgHNjgBjTAI2iBNsBgAl7AK3gz3o1P48v4XrYWjGzmGORg/PwCdH2oGg==</latexit>

N = 100, Nf = 2

Introduce small perturbation           from               and tune towards multicritical point
<latexit sha1_base64="kSfGF9jrEe2kUQCzob+TucwmYa4=">AAACEXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2WxIC4rNG2hDWEynbRDZyZhZiKUEH/CX3Cre3fi1i9w65eYtBFs64GBc8+5l3vn+BGjSlvWl7G0vLK6tl7aKG9ube/smnv7LRXGEhMHhyyUHR8pwqggjqaakU4kCeI+I21/VM/99gORioaiqccRcTkaCBpQjHQmeeZhjyM9lDyp3zZT77dwWqlnVqyqNQFcJHZBKqBAwzO/e/0Qx5wIjRlSqmtbkXYTJDXFjKTlXqxIhPAIDUg3owJxotxk8oMUnmRKHwahzJ7QcKL+nUgQV2rM/awzP1HNe7n4n9eNdXDtJlREsSYCTxcFMYM6hHkcsE8lwZqNM4KwpNmtEA+RRFhnoc1s8X2eh2LPR7BIWmdV+7J6cX9eqd0U8ZTAETgGp8AGV6AG7kADOACDR/AMXsCr8WS8Ge/Gx7R1yShmDsAMjM8f9XCeRA==</latexit>

CFTUV

<latexit sha1_base64="ZBJEZG4jUNJUrkYGRJXoQBPXaKM=">AAACDXicbVC7TsMwFHV4lvIKj43FokJiqhLEa6yAgbFIpK3UhMpxndaq7US2g1SifgO/wAo7G2LlG1j5Epw2A2050pWOzrlX9+iECaNKO863tbC4tLyyWlorr29sbm3bO7sNFacSEw/HLJatECnCqCCeppqRViIJ4iEjzXBwnfvNRyIVjcW9HiYk4KgnaEQx0kbq2Pv+DWEawf6Dz5HuS555jVHHrjhVZww4T9yCVECBesf+8bsxTjkRGjOkVNt1Eh1kSGqKGRmV/VSRBOEB6pG2oQJxooJsnH4Ej4zShVEszQgNx+rfiwxxpYY8NJt5RDXr5eJ/XjvV0WWQUZGkmgg8eRSlDOoY5lXALpUEazY0BGFJTVaI+0girE1hU1/CkOeluLMVzJPGSdU9r57dnVZqV0U9JXAADsExcMEFqIFbUAcewOAJvIBX8GY9W+/Wh/U5WV2wips9MAXr6xcuvpwv</latexit>

!hUV



FRG for the biconical model with fermions
Continuation of fixed points from                   to            using FRG beta functions in

<latexit sha1_base64="LWsd7xYyqrQrfi8m7btTR1VmnQI=">AAACM3icbVDLSsNAFJ3UV219tLp0M1gEN5ZE6mMjFN24rGAf0IYymdy0QycPZiaFEvonbvUP/BhxJ279BydtFqb1wIXDOfdy7z1OxJlUpvlhFDY2t7Z3irul8t7+wWGletSRYSwotGnIQ9FziATOAmgrpjj0IgHEdzh0nclD6nenICQLg2c1i8D2yShgHqNEaWlYqbj4DjfwBR5AJBlPpZpZNxfA68TKSA1laA2rRnnghjT2IVCUEyn7lhkpOyFCMcphXhrEEiJCJ2QEfU0D4oO0k8Xpc3ymFRd7odAVKLxQ/04kxJdy5ju60ydqLFe9VPzP68fKu7UTFkSxgoAuF3kxxyrEaQ7YZQKo4jNNCBVM34rpmAhClU4rt8Vx/NwTiSvTW/Oa1J+PwZ3r+KzVsNZJ57JuXdevnhq15n0WZBGdoFN0jix0g5roEbVQG1E0RS/oFb0Z78an8WV8L1sLRjZzjHIwfn4B9s6piA==</latexit>

d = 4→ ω
<latexit sha1_base64="ttBhRLBrKESBOWJ/eyJf156zcDk=">AAACJnicbVDLSsNAFJ3UV219tLp0M1gEVyXxvRGKblxWMG2hDWUymbRDZyZhZiKU0G9wq3/g17gTceenOGmzMK0XLhzOvZd7zvFjRpW27W+rtLa+sblV3q5Ud3b39mv1g46KEomJiyMWyZ6PFGFUEFdTzUgvlgRxn5GuP7nP5t1nIhWNxJOexsTjaCRoSDHShnIDeAvPh7WG3bTnBVeBk4MGyKs9rFvVQRDhhBOhMUNK9R071l6KpKaYkVllkCgSIzxBI9I3UCBOlJfO1c7giWECGEbStNBwzv69SBFXasp9s8mRHqvlWUb+N+snOrzxUiriRBOBF4/ChEEdwcw6DKgkWLOpAQhLarRCPEYSYW0CKnzxfV4wkQYq01rklHE+JsHMxOcsh7UKOmdN56p5+XjRaN3lQZbBETgGp8AB16AFHkAbuAADCl7AK3iz3q0P69P6WqyWrPzmEBTK+vkFM9ilJQ==</latexit>

d = 3
<latexit sha1_base64="puJldnyQ12NxCYxQIQ8/PfTeFNI=">AAACOHicbVDLSsNAFJ34rK2PVnHlZrAIrkoiPrqsunHhooJ9QFPLZHLbDp1JwsxEKKEf41b/wD9x507c+gVO2i5M64ULh3Pu5Z57vIgzpW37w1pZXVvf2Mxt5QvbO7t7xdJ+U4WxpNCgIQ9l2yMKOAugoZnm0I4kEOFxaHmj21RvPYNULAwe9TiCriCDgPUZJdpQveKhK4geSpHc168nT24kmQBc7RXLdsWeFl4GzhyU0bzqvZJVcP2QxgICTTlRquPYke4mRGpGOUzybqwgInREBtAxMCACVDeZ+p/gE8P4uB9K04HGU/bvRkKEUmPhmcnUrVrUUvI/rRPrfrWbsCCKNQR0dqgfc6xDnIaBfSaBaj42gFDJjFdMh0QSqk1kmSueJzJPJL5KvWY5ZT4fgj8x8TmLYS2D5lnFuaxcPJyXazfzIHPoCB2jU+SgK1RDd6iOGoiiBL2gV/RmvVuf1pf1PRtdseY7ByhT1s8vP0ysyw==</latexit>

LPA→8

<latexit sha1_base64="snUROXMjz4L8EmTwQ9Zqf5GwsPo="></latexit>

SSB-SSB ωω ωε εω εε εωε h ϑ1 ϑ2 ϑ3 ϑh
CFTUV 1.93 0.26 0.29 0.31 –0.29 0 1.99 1.01 0.95 0.50

SSB-SYM ωω εω ϑ m2
ε εε h ϑ εωε

CFTIR 1.68 0.29 1.01 0.40 5.42 1.51 0.98 0

<latexit sha1_base64="1hCj5FMNrdJp9mgqglOP2ShnWiY=">AAACM3icbVDLSsNAFJ3UV219pLp0M1gEF1KS4msjFN24KhXsA9oQJpNJO3QmCTOTQgn9E7f6B36MuBO3/oPTNgvTeuDC4Zx7ufceL2ZUKsv6MAobm1vbO8XdUnlv/+DQrBx1ZJQITNo4YpHoeUgSRkPSVlQx0osFQdxjpOuNH+Z+d0KEpFH4rKYxcTgahjSgGCktuabZhHfQtqwL2HQDTeuuWbVq1gJwndgZqYIMLbdilAd+hBNOQoUZkrJvW7FyUiQUxYzMSoNEkhjhMRqSvqYh4kQ66eL0GTzTig+DSOgKFVyofydSxKWcck93cqRGctWbi/95/UQFt05KwzhRJMTLRUHCoIrgPAfoU0GwYlNNEBZU3wrxCAmElU4rt8XzeO6J1JfzW/Oa1J+PiD/T8dmrYa2TTr1mX9euni6rjfssyCI4AafgHNjgBjTAI2iBNsBgAl7AK3gz3o1P48v4XrYWjGzmGORg/PwCdH2oGg==</latexit>

N = 100, Nf = 2

Introduce small perturbation           from               and tune towards multicritical point
<latexit sha1_base64="kSfGF9jrEe2kUQCzob+TucwmYa4=">AAACEXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2WxIC4rNG2hDWEynbRDZyZhZiKUEH/CX3Cre3fi1i9w65eYtBFs64GBc8+5l3vn+BGjSlvWl7G0vLK6tl7aKG9ube/smnv7LRXGEhMHhyyUHR8pwqggjqaakU4kCeI+I21/VM/99gORioaiqccRcTkaCBpQjHQmeeZhjyM9lDyp3zZT77dwWqlnVqyqNQFcJHZBKqBAwzO/e/0Qx5wIjRlSqmtbkXYTJDXFjKTlXqxIhPAIDUg3owJxotxk8oMUnmRKHwahzJ7QcKL+nUgQV2rM/awzP1HNe7n4n9eNdXDtJlREsSYCTxcFMYM6hHkcsE8lwZqNM4KwpNmtEA+RRFhnoc1s8X2eh2LPR7BIWmdV+7J6cX9eqd0U8ZTAETgGp8AGV6AG7kADOACDR/AMXsCr8WS8Ge/Gx7R1yShmDsAMjM8f9XCeRA==</latexit>

CFTUV

<latexit sha1_base64="ZBJEZG4jUNJUrkYGRJXoQBPXaKM=">AAACDXicbVC7TsMwFHV4lvIKj43FokJiqhLEa6yAgbFIpK3UhMpxndaq7US2g1SifgO/wAo7G2LlG1j5Epw2A2050pWOzrlX9+iECaNKO863tbC4tLyyWlorr29sbm3bO7sNFacSEw/HLJatECnCqCCeppqRViIJ4iEjzXBwnfvNRyIVjcW9HiYk4KgnaEQx0kbq2Pv+DWEawf6Dz5HuS555jVHHrjhVZww4T9yCVECBesf+8bsxTjkRGjOkVNt1Eh1kSGqKGRmV/VSRBOEB6pG2oQJxooJsnH4Ej4zShVEszQgNx+rfiwxxpYY8NJt5RDXr5eJ/XjvV0WWQUZGkmgg8eRSlDOoY5lXALpUEazY0BGFJTVaI+0girE1hU1/CkOeluLMVzJPGSdU9r57dnVZqV0U9JXAADsExcMEFqIFbUAcewOAJvIBX8GY9W+/Wh/U5WV2wips9MAXr6xcuvpwv</latexit>

!hUV



Thermal effects in the biconical model with fermions
In           , we established the existence of                     

<latexit sha1_base64="ttBhRLBrKESBOWJ/eyJf156zcDk=">AAACJnicbVDLSsNAFJ3UV219tLp0M1gEVyXxvRGKblxWMG2hDWUymbRDZyZhZiKU0G9wq3/g17gTceenOGmzMK0XLhzOvZd7zvFjRpW27W+rtLa+sblV3q5Ud3b39mv1g46KEomJiyMWyZ6PFGFUEFdTzUgvlgRxn5GuP7nP5t1nIhWNxJOexsTjaCRoSDHShnIDeAvPh7WG3bTnBVeBk4MGyKs9rFvVQRDhhBOhMUNK9R071l6KpKaYkVllkCgSIzxBI9I3UCBOlJfO1c7giWECGEbStNBwzv69SBFXasp9s8mRHqvlWUb+N+snOrzxUiriRBOBF4/ChEEdwcw6DKgkWLOpAQhLarRCPEYSYW0CKnzxfV4wkQYq01rklHE+JsHMxOcsh7UKOmdN56p5+XjRaN3lQZbBETgGp8AB16AFHkAbuAADCl7AK3iz3q0P69P6WqyWrPzmEBTK+vkFM9ilJQ==</latexit>

d = 3



• fixed points corresponding to              and 
<latexit sha1_base64="RAN2kC+6YWRj2rwrek30ol58O9s=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjLCk1baEOYTCbt0JkkzEyEEuLXuNU/8ENcuxO37p20EUzrhYEz59zLvee4ESVCGsa7Vlpb39jcKm9Xqju7e/u1+kFPhDFH2EIhDfnAhQJTEmBLEknxIOIYMpfivjttZ3r/EXNBwqArZxG2GRwHxCcISkU5taMRg3LCWdK+66bO78fqpU6tYTSNeemrwMxBA+TVcepadeSFKGY4kIhCIYamEUk7gVwSRHFaGcUCRxBN4RgPFQwgw8JO5hZS/VQxnu6HXL1A6nP270QCmRAz5qrO7EaxrGXkf9owlv6NnZAgiiUO0GKRH1NdhnqWh+4RjpGkMwUg4kTdqqMJ5BBJlVphi+uygonEE9mtRU4o5xPsZfGZy2Gtgt5507xqXj5cNFq3eZBlcAxOwBkwwTVogXvQARZA4Ak8gxfwqr1pH9qn9rVoLWn5zCEolPb9A8iyrqE=</latexit>

CFTUV
<latexit sha1_base64="BBqYx4nsSR3doKqyKLB8XLtkpdk=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjuqvQFbQiTyaQdOpOEmYlQQvwat/oHfohrd+LWvZM2gmm9MHDmnHu59xwnpERIw3jXCiura+sbxc1SeWt7Z7dS3euKIOIId1BAA953oMCU+LgjiaS4H3IMmUNxz5k0U733iLkggd+W0xBbDI584hEEpaLsysGQQTnmLG7etBP793P3kNiVmlE3ZqUvAzMDNZBVy65q5aEboIhhXyIKhRiYRiitGHJJEMVJaRgJHEI0gSM8UNCHDAsrnllI9GPFuLoXcPV8qc/YvxMxZEJMmaM60xvFopaS/2mDSHpXVkz8MJLYR/NFXkR1GehpHrpLOEaSThWAiBN1q47GkEMkVWq5LY7DciZiV6S35jmhnI+xm8ZnLoa1DLqndfOifn5/VmtcZ0EWwSE4AifABJegAW5BC3QAAk/gGbyAV+1N+9A+ta95a0HLZvZBrrTvH6y2rpE=</latexit>

CFTIR

Thermal effects in the biconical model with fermions
In           , we established the existence of                     

<latexit sha1_base64="ttBhRLBrKESBOWJ/eyJf156zcDk=">AAACJnicbVDLSsNAFJ3UV219tLp0M1gEVyXxvRGKblxWMG2hDWUymbRDZyZhZiKU0G9wq3/g17gTceenOGmzMK0XLhzOvZd7zvFjRpW27W+rtLa+sblV3q5Ud3b39mv1g46KEomJiyMWyZ6PFGFUEFdTzUgvlgRxn5GuP7nP5t1nIhWNxJOexsTjaCRoSDHShnIDeAvPh7WG3bTnBVeBk4MGyKs9rFvVQRDhhBOhMUNK9R071l6KpKaYkVllkCgSIzxBI9I3UCBOlJfO1c7giWECGEbStNBwzv69SBFXasp9s8mRHqvlWUb+N+snOrzxUiriRBOBF4/ChEEdwcw6DKgkWLOpAQhLarRCPEYSYW0CKnzxfV4wkQYq01rklHE+JsHMxOcsh7UKOmdN56p5+XjRaN3lQZbBETgGp8AB16AFHkAbuAADCl7AK3iz3q0P69P6WqyWrPzmEBTK+vkFM9ilJQ==</latexit>

d = 3
<latexit sha1_base64="2y9PLFv2x5pCpf45nQhIW97S/80="></latexit>

CFTUV, h
→ = 0

<latexit sha1_base64="LgsB7mH0EOFy3Uc6o24BPMKOHpk="></latexit>

CFTIR, h
→ > 0



• fixed points corresponding to              and 
<latexit sha1_base64="RAN2kC+6YWRj2rwrek30ol58O9s=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjLCk1baEOYTCbt0JkkzEyEEuLXuNU/8ENcuxO37p20EUzrhYEz59zLvee4ESVCGsa7Vlpb39jcKm9Xqju7e/u1+kFPhDFH2EIhDfnAhQJTEmBLEknxIOIYMpfivjttZ3r/EXNBwqArZxG2GRwHxCcISkU5taMRg3LCWdK+66bO78fqpU6tYTSNeemrwMxBA+TVcepadeSFKGY4kIhCIYamEUk7gVwSRHFaGcUCRxBN4RgPFQwgw8JO5hZS/VQxnu6HXL1A6nP270QCmRAz5qrO7EaxrGXkf9owlv6NnZAgiiUO0GKRH1NdhnqWh+4RjpGkMwUg4kTdqqMJ5BBJlVphi+uygonEE9mtRU4o5xPsZfGZy2Gtgt5507xqXj5cNFq3eZBlcAxOwBkwwTVogXvQARZA4Ak8gxfwqr1pH9qn9rVoLWn5zCEolPb9A8iyrqE=</latexit>

CFTUV
<latexit sha1_base64="BBqYx4nsSR3doKqyKLB8XLtkpdk=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjuqvQFbQiTyaQdOpOEmYlQQvwat/oHfohrd+LWvZM2gmm9MHDmnHu59xwnpERIw3jXCiura+sbxc1SeWt7Z7dS3euKIOIId1BAA953oMCU+LgjiaS4H3IMmUNxz5k0U733iLkggd+W0xBbDI584hEEpaLsysGQQTnmLG7etBP793P3kNiVmlE3ZqUvAzMDNZBVy65q5aEboIhhXyIKhRiYRiitGHJJEMVJaRgJHEI0gSM8UNCHDAsrnllI9GPFuLoXcPV8qc/YvxMxZEJMmaM60xvFopaS/2mDSHpXVkz8MJLYR/NFXkR1GehpHrpLOEaSThWAiBN1q47GkEMkVWq5LY7DciZiV6S35jmhnI+xm8ZnLoa1DLqndfOifn5/VmtcZ0EWwSE4AifABJegAW5BC3QAAk/gGbyAV+1N+9A+ta95a0HLZvZBrrTvH6y2rpE=</latexit>

CFTIR

Thermal effects in the biconical model with fermions
In           , we established the existence of                     

<latexit sha1_base64="ttBhRLBrKESBOWJ/eyJf156zcDk=">AAACJnicbVDLSsNAFJ3UV219tLp0M1gEVyXxvRGKblxWMG2hDWUymbRDZyZhZiKU0G9wq3/g17gTceenOGmzMK0XLhzOvZd7zvFjRpW27W+rtLa+sblV3q5Ud3b39mv1g46KEomJiyMWyZ6PFGFUEFdTzUgvlgRxn5GuP7nP5t1nIhWNxJOexsTjaCRoSDHShnIDeAvPh7WG3bTnBVeBk4MGyKs9rFvVQRDhhBOhMUNK9R071l6KpKaYkVllkCgSIzxBI9I3UCBOlJfO1c7giWECGEbStNBwzv69SBFXasp9s8mRHqvlWUb+N+snOrzxUiriRBOBF4/ChEEdwcw6DKgkWLOpAQhLarRCPEYSYW0CKnzxfV4wkQYq01rklHE+JsHMxOcsh7UKOmdN56p5+XjRaN3lQZbBETgGp8AB16AFHkAbuAADCl7AK3iz3q0P69P6WqyWrPzmEBTK+vkFM9ilJQ==</latexit>

d = 3
<latexit sha1_base64="2y9PLFv2x5pCpf45nQhIW97S/80="></latexit>

CFTUV, h
→ = 0

<latexit sha1_base64="LgsB7mH0EOFy3Uc6o24BPMKOHpk="></latexit>

CFTIR, h
→ > 0

• an RG trajectory connecting them      defines QFT



• fixed points corresponding to              and 
<latexit sha1_base64="RAN2kC+6YWRj2rwrek30ol58O9s=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjLCk1baEOYTCbt0JkkzEyEEuLXuNU/8ENcuxO37p20EUzrhYEz59zLvee4ESVCGsa7Vlpb39jcKm9Xqju7e/u1+kFPhDFH2EIhDfnAhQJTEmBLEknxIOIYMpfivjttZ3r/EXNBwqArZxG2GRwHxCcISkU5taMRg3LCWdK+66bO78fqpU6tYTSNeemrwMxBA+TVcepadeSFKGY4kIhCIYamEUk7gVwSRHFaGcUCRxBN4RgPFQwgw8JO5hZS/VQxnu6HXL1A6nP270QCmRAz5qrO7EaxrGXkf9owlv6NnZAgiiUO0GKRH1NdhnqWh+4RjpGkMwUg4kTdqqMJ5BBJlVphi+uygonEE9mtRU4o5xPsZfGZy2Gtgt5507xqXj5cNFq3eZBlcAxOwBkwwTVogXvQARZA4Ak8gxfwqr1pH9qn9rVoLWn5zCEolPb9A8iyrqE=</latexit>

CFTUV
<latexit sha1_base64="BBqYx4nsSR3doKqyKLB8XLtkpdk=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjuqvQFbQiTyaQdOpOEmYlQQvwat/oHfohrd+LWvZM2gmm9MHDmnHu59xwnpERIw3jXCiura+sbxc1SeWt7Z7dS3euKIOIId1BAA953oMCU+LgjiaS4H3IMmUNxz5k0U733iLkggd+W0xBbDI584hEEpaLsysGQQTnmLG7etBP793P3kNiVmlE3ZqUvAzMDNZBVy65q5aEboIhhXyIKhRiYRiitGHJJEMVJaRgJHEI0gSM8UNCHDAsrnllI9GPFuLoXcPV8qc/YvxMxZEJMmaM60xvFopaS/2mDSHpXVkz8MJLYR/NFXkR1GehpHrpLOEaSThWAiBN1q47GkEMkVWq5LY7DciZiV6S35jmhnI+xm8ZnLoa1DLqndfOifn5/VmtcZ0EWwSE4AifABJegAW5BC3QAAk/gGbyAV+1N+9A+ta95a0HLZvZBrrTvH6y2rpE=</latexit>

CFTIR

Thermal effects in the biconical model with fermions
In           , we established the existence of                     

<latexit sha1_base64="ttBhRLBrKESBOWJ/eyJf156zcDk=">AAACJnicbVDLSsNAFJ3UV219tLp0M1gEVyXxvRGKblxWMG2hDWUymbRDZyZhZiKU0G9wq3/g17gTceenOGmzMK0XLhzOvZd7zvFjRpW27W+rtLa+sblV3q5Ud3b39mv1g46KEomJiyMWyZ6PFGFUEFdTzUgvlgRxn5GuP7nP5t1nIhWNxJOexsTjaCRoSDHShnIDeAvPh7WG3bTnBVeBk4MGyKs9rFvVQRDhhBOhMUNK9R071l6KpKaYkVllkCgSIzxBI9I3UCBOlJfO1c7giWECGEbStNBwzv69SBFXasp9s8mRHqvlWUb+N+snOrzxUiriRBOBF4/ChEEdwcw6DKgkWLOpAQhLarRCPEYSYW0CKnzxfV4wkQYq01rklHE+JsHMxOcsh7UKOmdN56p5+XjRaN3lQZbBETgGp8AB16AFHkAbuAADCl7AK3iz3q0P69P6WqyWrPzmEBTK+vkFM9ilJQ==</latexit>

d = 3
<latexit sha1_base64="2y9PLFv2x5pCpf45nQhIW97S/80="></latexit>

CFTUV, h
→ = 0

<latexit sha1_base64="LgsB7mH0EOFy3Uc6o24BPMKOHpk="></latexit>

CFTIR, h
→ > 0

At zero temperature: system at 
<latexit sha1_base64="BBqYx4nsSR3doKqyKLB8XLtkpdk=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjuqvQFbQiTyaQdOpOEmYlQQvwat/oHfohrd+LWvZM2gmm9MHDmnHu59xwnpERIw3jXCiura+sbxc1SeWt7Z7dS3euKIOIId1BAA953oMCU+LgjiaS4H3IMmUNxz5k0U733iLkggd+W0xBbDI584hEEpaLsysGQQTnmLG7etBP793P3kNiVmlE3ZqUvAzMDNZBVy65q5aEboIhhXyIKhRiYRiitGHJJEMVJaRgJHEI0gSM8UNCHDAsrnllI9GPFuLoXcPV8qc/YvxMxZEJMmaM60xvFopaS/2mDSHpXVkz8MJLYR/NFXkR1GehpHrpLOEaSThWAiBN1q47GkEMkVWq5LY7DciZiV6S35jmhnI+xm8ZnLoa1DLqndfOifn5/VmtcZ0EWwSE4AifABJegAW5BC3QAAk/gGbyAV+1N+9A+ta95a0HLZvZBrrTvH6y2rpE=</latexit>

CFTIR

• conformally invariant vacuum with 
<latexit sha1_base64="uWs2iN60QdqaA1633cv33NUebyU=">AAACO3icbVDLSsNAFJ34rK2PVjeCm8EiuCqJ+NoIRTcuK9gHNKVMJrft0MkkzEyEEurXuNU/8ENcuxO37p20WZjWAwNnzr2Xe8/xIs6Utu0Pa2V1bX1js7BVLG3v7O6VK/stFcaSQpOGPJQdjyjgTEBTM82hE0kggceh7Y3v0nr7CaRioXjUkwh6ARkKNmCUaCP1y4cuJ2LIAbt0xLAr558bbPfLVbtmz4CXiZORKsrQ6FeskuuHNA5AaMqJUl3HjnQvIVIzymFadGMFEaFjMoSuoYIEoHrJzMIUnxjFx4NQmic0nql/JxISKDUJPNMZED1Si7VU/K/WjfXgupcwEcUaBJ0vGsQc6xCneWCfSaCaTwwhVDJzK6YjIgnVJrXcFs8LciYSX6W35jVlnI/An5r4nMWwlknrrOZc1i4ezqv12yzIAjpCx+gUOegK1dE9aqAmougZvaBX9Ga9W5/Wl/U9b12xspkDlIP18wsjA60h</latexit>

→ω↑ = 0

• parity symmetry is preserved

• an RG trajectory connecting them      defines QFT



• fixed points corresponding to              and 
<latexit sha1_base64="RAN2kC+6YWRj2rwrek30ol58O9s=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjLCk1baEOYTCbt0JkkzEyEEuLXuNU/8ENcuxO37p20EUzrhYEz59zLvee4ESVCGsa7Vlpb39jcKm9Xqju7e/u1+kFPhDFH2EIhDfnAhQJTEmBLEknxIOIYMpfivjttZ3r/EXNBwqArZxG2GRwHxCcISkU5taMRg3LCWdK+66bO78fqpU6tYTSNeemrwMxBA+TVcepadeSFKGY4kIhCIYamEUk7gVwSRHFaGcUCRxBN4RgPFQwgw8JO5hZS/VQxnu6HXL1A6nP270QCmRAz5qrO7EaxrGXkf9owlv6NnZAgiiUO0GKRH1NdhnqWh+4RjpGkMwUg4kTdqqMJ5BBJlVphi+uygonEE9mtRU4o5xPsZfGZy2Gtgt5507xqXj5cNFq3eZBlcAxOwBkwwTVogXvQARZA4Ak8gxfwqr1pH9qn9rVoLWn5zCEolPb9A8iyrqE=</latexit>

CFTUV
<latexit sha1_base64="BBqYx4nsSR3doKqyKLB8XLtkpdk=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjuqvQFbQiTyaQdOpOEmYlQQvwat/oHfohrd+LWvZM2gmm9MHDmnHu59xwnpERIw3jXCiura+sbxc1SeWt7Z7dS3euKIOIId1BAA953oMCU+LgjiaS4H3IMmUNxz5k0U733iLkggd+W0xBbDI584hEEpaLsysGQQTnmLG7etBP793P3kNiVmlE3ZqUvAzMDNZBVy65q5aEboIhhXyIKhRiYRiitGHJJEMVJaRgJHEI0gSM8UNCHDAsrnllI9GPFuLoXcPV8qc/YvxMxZEJMmaM60xvFopaS/2mDSHpXVkz8MJLYR/NFXkR1GehpHrpLOEaSThWAiBN1q47GkEMkVWq5LY7DciZiV6S35jmhnI+xm8ZnLoa1DLqndfOifn5/VmtcZ0EWwSE4AifABJegAW5BC3QAAk/gGbyAV+1N+9A+ta95a0HLZvZBrrTvH6y2rpE=</latexit>

CFTIR

Thermal effects in the biconical model with fermions
In           , we established the existence of                     

<latexit sha1_base64="ttBhRLBrKESBOWJ/eyJf156zcDk=">AAACJnicbVDLSsNAFJ3UV219tLp0M1gEVyXxvRGKblxWMG2hDWUymbRDZyZhZiKU0G9wq3/g17gTceenOGmzMK0XLhzOvZd7zvFjRpW27W+rtLa+sblV3q5Ud3b39mv1g46KEomJiyMWyZ6PFGFUEFdTzUgvlgRxn5GuP7nP5t1nIhWNxJOexsTjaCRoSDHShnIDeAvPh7WG3bTnBVeBk4MGyKs9rFvVQRDhhBOhMUNK9R071l6KpKaYkVllkCgSIzxBI9I3UCBOlJfO1c7giWECGEbStNBwzv69SBFXasp9s8mRHqvlWUb+N+snOrzxUiriRBOBF4/ChEEdwcw6DKgkWLOpAQhLarRCPEYSYW0CKnzxfV4wkQYq01rklHE+JsHMxOcsh7UKOmdN56p5+XjRaN3lQZbBETgGp8AB16AFHkAbuAADCl7AK3iz3q0P69P6WqyWrPzmEBTK+vkFM9ilJQ==</latexit>

d = 3
<latexit sha1_base64="2y9PLFv2x5pCpf45nQhIW97S/80="></latexit>

CFTUV, h
→ = 0

<latexit sha1_base64="LgsB7mH0EOFy3Uc6o24BPMKOHpk="></latexit>

CFTIR, h
→ > 0

At zero temperature: system at 
<latexit sha1_base64="BBqYx4nsSR3doKqyKLB8XLtkpdk=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjuqvQFbQiTyaQdOpOEmYlQQvwat/oHfohrd+LWvZM2gmm9MHDmnHu59xwnpERIw3jXCiura+sbxc1SeWt7Z7dS3euKIOIId1BAA953oMCU+LgjiaS4H3IMmUNxz5k0U733iLkggd+W0xBbDI584hEEpaLsysGQQTnmLG7etBP793P3kNiVmlE3ZqUvAzMDNZBVy65q5aEboIhhXyIKhRiYRiitGHJJEMVJaRgJHEI0gSM8UNCHDAsrnllI9GPFuLoXcPV8qc/YvxMxZEJMmaM60xvFopaS/2mDSHpXVkz8MJLYR/NFXkR1GehpHrpLOEaSThWAiBN1q47GkEMkVWq5LY7DciZiV6S35jmhnI+xm8ZnLoa1DLqndfOifn5/VmtcZ0EWwSE4AifABJegAW5BC3QAAk/gGbyAV+1N+9A+ta95a0HLZvZBrrTvH6y2rpE=</latexit>

CFTIR

• conformally invariant vacuum with 
<latexit sha1_base64="uWs2iN60QdqaA1633cv33NUebyU=">AAACO3icbVDLSsNAFJ34rK2PVjeCm8EiuCqJ+NoIRTcuK9gHNKVMJrft0MkkzEyEEurXuNU/8ENcuxO37p20WZjWAwNnzr2Xe8/xIs6Utu0Pa2V1bX1js7BVLG3v7O6VK/stFcaSQpOGPJQdjyjgTEBTM82hE0kggceh7Y3v0nr7CaRioXjUkwh6ARkKNmCUaCP1y4cuJ2LIAbt0xLAr558bbPfLVbtmz4CXiZORKsrQ6FeskuuHNA5AaMqJUl3HjnQvIVIzymFadGMFEaFjMoSuoYIEoHrJzMIUnxjFx4NQmic0nql/JxISKDUJPNMZED1Si7VU/K/WjfXgupcwEcUaBJ0vGsQc6xCneWCfSaCaTwwhVDJzK6YjIgnVJrXcFs8LciYSX6W35jVlnI/An5r4nMWwlknrrOZc1i4ezqv12yzIAjpCx+gUOegK1dE9aqAmougZvaBX9Ga9W5/Wl/U9b12xspkDlIP18wsjA60h</latexit>

→ω↑ = 0

• parity symmetry is preserved

At finite temperature:     sets dominant scale and plays role of RG scale
<latexit sha1_base64="BWc8dfdkxY1lreYKK5gL2R8DVuA=">AAACInicbVDLSsNAFJ2pr9r6aHXpJlgEVyURX8uiG5ct9AVtKJPJbTt0JgkzE6GEfoFb/QO/xp24EvwYJ20WpvXChcO593LPOV7EmdK2/Y0LW9s7u3vF/VL54PDouFI96aowlhQ6NOSh7HtEAWcBdDTTHPqRBCI8Dj1v9pjOe88gFQuDtp5H4AoyCdiYUaIN1WqPKjW7bi/L2gROBmooq+aoistDP6SxgEBTTpQaOHak3YRIzSiHRWkYK4gInZEJDAwMiADlJkulC+vCML41DqXpQFtL9u9FQoRSc+GZTUH0VK3PUvK/2SDW43s3YUEUawjo6tE45pYOrdS25TMJVPO5AYRKZrRadEokodqEk/vieSJnIvFVqjXPKeN8Cv7CxOesh7UJuld157Z+07quNR6yIIvoDJ2jS+SgO9RAT6iJOogiQC/oFb3hd/yBP/HXarWAs5tTlCv88wtOLKQ9</latexit>

T

increase of    
<latexit sha1_base64="BWc8dfdkxY1lreYKK5gL2R8DVuA=">AAACInicbVDLSsNAFJ2pr9r6aHXpJlgEVyURX8uiG5ct9AVtKJPJbTt0JgkzE6GEfoFb/QO/xp24EvwYJ20WpvXChcO593LPOV7EmdK2/Y0LW9s7u3vF/VL54PDouFI96aowlhQ6NOSh7HtEAWcBdDTTHPqRBCI8Dj1v9pjOe88gFQuDtp5H4AoyCdiYUaIN1WqPKjW7bi/L2gROBmooq+aoistDP6SxgEBTTpQaOHak3YRIzSiHRWkYK4gInZEJDAwMiADlJkulC+vCML41DqXpQFtL9u9FQoRSc+GZTUH0VK3PUvK/2SDW43s3YUEUawjo6tE45pYOrdS25TMJVPO5AYRKZrRadEokodqEk/vieSJnIvFVqjXPKeN8Cv7CxOesh7UJuld157Z+07quNR6yIIvoDJ2jS+SgO9RAT6iJOogiQC/oFb3hd/yBP/HXarWAs5tTlCv88wtOLKQ9</latexit>

T RG trajectory that runs into <latexit sha1_base64="RAN2kC+6YWRj2rwrek30ol58O9s=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjLCk1baEOYTCbt0JkkzEyEEuLXuNU/8ENcuxO37p20EUzrhYEz59zLvee4ESVCGsa7Vlpb39jcKm9Xqju7e/u1+kFPhDFH2EIhDfnAhQJTEmBLEknxIOIYMpfivjttZ3r/EXNBwqArZxG2GRwHxCcISkU5taMRg3LCWdK+66bO78fqpU6tYTSNeemrwMxBA+TVcepadeSFKGY4kIhCIYamEUk7gVwSRHFaGcUCRxBN4RgPFQwgw8JO5hZS/VQxnu6HXL1A6nP270QCmRAz5qrO7EaxrGXkf9owlv6NnZAgiiUO0GKRH1NdhnqWh+4RjpGkMwUg4kTdqqMJ5BBJlVphi+uygonEE9mtRU4o5xPsZfGZy2Gtgt5507xqXj5cNFq3eZBlcAxOwBkwwTVogXvQARZA4Ak8gxfwqr1pH9qn9rVoLWn5zCEolPb9A8iyrqE=</latexit>

CFTUV

• an RG trajectory connecting them      defines QFT



• fixed points corresponding to              and 
<latexit sha1_base64="RAN2kC+6YWRj2rwrek30ol58O9s=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjLCk1baEOYTCbt0JkkzEyEEuLXuNU/8ENcuxO37p20EUzrhYEz59zLvee4ESVCGsa7Vlpb39jcKm9Xqju7e/u1+kFPhDFH2EIhDfnAhQJTEmBLEknxIOIYMpfivjttZ3r/EXNBwqArZxG2GRwHxCcISkU5taMRg3LCWdK+66bO78fqpU6tYTSNeemrwMxBA+TVcepadeSFKGY4kIhCIYamEUk7gVwSRHFaGcUCRxBN4RgPFQwgw8JO5hZS/VQxnu6HXL1A6nP270QCmRAz5qrO7EaxrGXkf9owlv6NnZAgiiUO0GKRH1NdhnqWh+4RjpGkMwUg4kTdqqMJ5BBJlVphi+uygonEE9mtRU4o5xPsZfGZy2Gtgt5507xqXj5cNFq3eZBlcAxOwBkwwTVogXvQARZA4Ak8gxfwqr1pH9qn9rVoLWn5zCEolPb9A8iyrqE=</latexit>

CFTUV
<latexit sha1_base64="BBqYx4nsSR3doKqyKLB8XLtkpdk=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjuqvQFbQiTyaQdOpOEmYlQQvwat/oHfohrd+LWvZM2gmm9MHDmnHu59xwnpERIw3jXCiura+sbxc1SeWt7Z7dS3euKIOIId1BAA953oMCU+LgjiaS4H3IMmUNxz5k0U733iLkggd+W0xBbDI584hEEpaLsysGQQTnmLG7etBP793P3kNiVmlE3ZqUvAzMDNZBVy65q5aEboIhhXyIKhRiYRiitGHJJEMVJaRgJHEI0gSM8UNCHDAsrnllI9GPFuLoXcPV8qc/YvxMxZEJMmaM60xvFopaS/2mDSHpXVkz8MJLYR/NFXkR1GehpHrpLOEaSThWAiBN1q47GkEMkVWq5LY7DciZiV6S35jmhnI+xm8ZnLoa1DLqndfOifn5/VmtcZ0EWwSE4AifABJegAW5BC3QAAk/gGbyAV+1N+9A+ta95a0HLZvZBrrTvH6y2rpE=</latexit>

CFTIR

Thermal effects in the biconical model with fermions
In           , we established the existence of                     

<latexit sha1_base64="ttBhRLBrKESBOWJ/eyJf156zcDk=">AAACJnicbVDLSsNAFJ3UV219tLp0M1gEVyXxvRGKblxWMG2hDWUymbRDZyZhZiKU0G9wq3/g17gTceenOGmzMK0XLhzOvZd7zvFjRpW27W+rtLa+sblV3q5Ud3b39mv1g46KEomJiyMWyZ6PFGFUEFdTzUgvlgRxn5GuP7nP5t1nIhWNxJOexsTjaCRoSDHShnIDeAvPh7WG3bTnBVeBk4MGyKs9rFvVQRDhhBOhMUNK9R071l6KpKaYkVllkCgSIzxBI9I3UCBOlJfO1c7giWECGEbStNBwzv69SBFXasp9s8mRHqvlWUb+N+snOrzxUiriRBOBF4/ChEEdwcw6DKgkWLOpAQhLarRCPEYSYW0CKnzxfV4wkQYq01rklHE+JsHMxOcsh7UKOmdN56p5+XjRaN3lQZbBETgGp8AB16AFHkAbuAADCl7AK3iz3q0P69P6WqyWrPzmEBTK+vkFM9ilJQ==</latexit>

d = 3
<latexit sha1_base64="2y9PLFv2x5pCpf45nQhIW97S/80="></latexit>

CFTUV, h
→ = 0

<latexit sha1_base64="LgsB7mH0EOFy3Uc6o24BPMKOHpk="></latexit>

CFTIR, h
→ > 0

At zero temperature: system at 
<latexit sha1_base64="BBqYx4nsSR3doKqyKLB8XLtkpdk=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjuqvQFbQiTyaQdOpOEmYlQQvwat/oHfohrd+LWvZM2gmm9MHDmnHu59xwnpERIw3jXCiura+sbxc1SeWt7Z7dS3euKIOIId1BAA953oMCU+LgjiaS4H3IMmUNxz5k0U733iLkggd+W0xBbDI584hEEpaLsysGQQTnmLG7etBP793P3kNiVmlE3ZqUvAzMDNZBVy65q5aEboIhhXyIKhRiYRiitGHJJEMVJaRgJHEI0gSM8UNCHDAsrnllI9GPFuLoXcPV8qc/YvxMxZEJMmaM60xvFopaS/2mDSHpXVkz8MJLYR/NFXkR1GehpHrpLOEaSThWAiBN1q47GkEMkVWq5LY7DciZiV6S35jmhnI+xm8ZnLoa1DLqndfOifn5/VmtcZ0EWwSE4AifABJegAW5BC3QAAk/gGbyAV+1N+9A+ta95a0HLZvZBrrTvH6y2rpE=</latexit>

CFTIR

• conformally invariant vacuum with 
<latexit sha1_base64="uWs2iN60QdqaA1633cv33NUebyU=">AAACO3icbVDLSsNAFJ34rK2PVjeCm8EiuCqJ+NoIRTcuK9gHNKVMJrft0MkkzEyEEurXuNU/8ENcuxO37p20WZjWAwNnzr2Xe8/xIs6Utu0Pa2V1bX1js7BVLG3v7O6VK/stFcaSQpOGPJQdjyjgTEBTM82hE0kggceh7Y3v0nr7CaRioXjUkwh6ARkKNmCUaCP1y4cuJ2LIAbt0xLAr558bbPfLVbtmz4CXiZORKsrQ6FeskuuHNA5AaMqJUl3HjnQvIVIzymFadGMFEaFjMoSuoYIEoHrJzMIUnxjFx4NQmic0nql/JxISKDUJPNMZED1Si7VU/K/WjfXgupcwEcUaBJ0vGsQc6xCneWCfSaCaTwwhVDJzK6YjIgnVJrXcFs8LciYSX6W35jVlnI/An5r4nMWwlknrrOZc1i4ezqv12yzIAjpCx+gUOegK1dE9aqAmougZvaBX9Ga9W5/Wl/U9b12xspkDlIP18wsjA60h</latexit>

→ω↑ = 0

• parity symmetry is preserved

At finite temperature:     sets dominant scale and plays role of RG scale
<latexit sha1_base64="BWc8dfdkxY1lreYKK5gL2R8DVuA=">AAACInicbVDLSsNAFJ2pr9r6aHXpJlgEVyURX8uiG5ct9AVtKJPJbTt0JgkzE6GEfoFb/QO/xp24EvwYJ20WpvXChcO593LPOV7EmdK2/Y0LW9s7u3vF/VL54PDouFI96aowlhQ6NOSh7HtEAWcBdDTTHPqRBCI8Dj1v9pjOe88gFQuDtp5H4AoyCdiYUaIN1WqPKjW7bi/L2gROBmooq+aoistDP6SxgEBTTpQaOHak3YRIzSiHRWkYK4gInZEJDAwMiADlJkulC+vCML41DqXpQFtL9u9FQoRSc+GZTUH0VK3PUvK/2SDW43s3YUEUawjo6tE45pYOrdS25TMJVPO5AYRKZrRadEokodqEk/vieSJnIvFVqjXPKeN8Cv7CxOesh7UJuld157Z+07quNR6yIIvoDJ2jS+SgO9RAT6iJOogiQC/oFb3hd/yBP/HXarWAs5tTlCv88wtOLKQ9</latexit>

T

increase of    
<latexit sha1_base64="BWc8dfdkxY1lreYKK5gL2R8DVuA=">AAACInicbVDLSsNAFJ2pr9r6aHXpJlgEVyURX8uiG5ct9AVtKJPJbTt0JgkzE6GEfoFb/QO/xp24EvwYJ20WpvXChcO593LPOV7EmdK2/Y0LW9s7u3vF/VL54PDouFI96aowlhQ6NOSh7HtEAWcBdDTTHPqRBCI8Dj1v9pjOe88gFQuDtp5H4AoyCdiYUaIN1WqPKjW7bi/L2gROBmooq+aoistDP6SxgEBTTpQaOHak3YRIzSiHRWkYK4gInZEJDAwMiADlJkulC+vCML41DqXpQFtL9u9FQoRSc+GZTUH0VK3PUvK/2SDW43s3YUEUawjo6tE45pYOrdS25TMJVPO5AYRKZrRadEokodqEk/vieSJnIvFVqjXPKeN8Cv7CxOesh7UJuld157Z+07quNR6yIIvoDJ2jS+SgO9RAT6iJOogiQC/oFb3hd/yBP/HXarWAs5tTlCv88wtOLKQ9</latexit>

T RG trajectory that runs into <latexit sha1_base64="RAN2kC+6YWRj2rwrek30ol58O9s=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjLCk1baEOYTCbt0JkkzEyEEuLXuNU/8ENcuxO37p20EUzrhYEz59zLvee4ESVCGsa7Vlpb39jcKm9Xqju7e/u1+kFPhDFH2EIhDfnAhQJTEmBLEknxIOIYMpfivjttZ3r/EXNBwqArZxG2GRwHxCcISkU5taMRg3LCWdK+66bO78fqpU6tYTSNeemrwMxBA+TVcepadeSFKGY4kIhCIYamEUk7gVwSRHFaGcUCRxBN4RgPFQwgw8JO5hZS/VQxnu6HXL1A6nP270QCmRAz5qrO7EaxrGXkf9owlv6NnZAgiiUO0GKRH1NdhnqWh+4RjpGkMwUg4kTdqqMJ5BBJlVphi+uygonEE9mtRU4o5xPsZfGZy2Gtgt5507xqXj5cNFq3eZBlcAxOwBkwwTVogXvQARZA4Ak8gxfwqr1pH9qn9rVoLWn5zCEolPb9A8iyrqE=</latexit>

CFTUV

At sufficiently high temperatures: system is close to <latexit sha1_base64="RAN2kC+6YWRj2rwrek30ol58O9s=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjLCk1baEOYTCbt0JkkzEyEEuLXuNU/8ENcuxO37p20EUzrhYEz59zLvee4ESVCGsa7Vlpb39jcKm9Xqju7e/u1+kFPhDFH2EIhDfnAhQJTEmBLEknxIOIYMpfivjttZ3r/EXNBwqArZxG2GRwHxCcISkU5taMRg3LCWdK+66bO78fqpU6tYTSNeemrwMxBA+TVcepadeSFKGY4kIhCIYamEUk7gVwSRHFaGcUCRxBN4RgPFQwgw8JO5hZS/VQxnu6HXL1A6nP270QCmRAz5qrO7EaxrGXkf9owlv6NnZAgiiUO0GKRH1NdhnqWh+4RjpGkMwUg4kTdqqMJ5BBJlVphi+uygonEE9mtRU4o5xPsZfGZy2Gtgt5507xqXj5cNFq3eZBlcAxOwBkwwTVogXvQARZA4Ak8gxfwqr1pH9qn9rVoLWn5zCEolPb9A8iyrqE=</latexit>

CFTUV

• for                      ,              has<latexit sha1_base64="5zUVKw247ITBuAMsWb6U3WNj6Rw=">AAACLXicbVDLSsNAFJ34rK2PVpduBovgqiRi1Y1SdOOqVLAPaEOZTCbt0JlJmJkIJfQ33Oof+DUuBHHrbzhpszCtBy4czrmXe+/xIkaVtu1Pa219Y3Nru7BTLO3u7R+UK4cdFcYSkzYOWSh7HlKEUUHammpGepEkiHuMdL3Jfep3n4lUNBRPehoRl6ORoAHFSBtp0IS3sDnE8AY69WG5atfsOeAqcTJSBRlaw4pVGvghjjkRGjOkVN+xI+0mSGqKGZkVB7EiEcITNCJ9QwXiRLnJ/OgZPDWKD4NQmhIaztW/EwniSk25Zzo50mO17KXif14/1sG1m1ARxZoIvFgUxAzqEKYJQJ9KgjWbGoKwpOZWiMdIIqxNTrktnsdzTyS+Sm/Na8p8Pib+zMTnLIe1SjrnNeeyVn+8qDbusiAL4BicgDPggCvQAA+gBdoAgwi8gFfwZr1bH9aX9b1oXbOymSOQg/XzCy1jpxY=</latexit>

N > Nc = 15
<latexit sha1_base64="Jn4lGhEWUl51Glp/wZXyzLgyTDI=">AAACPXicbVDLSgMxFM3UV219tLrTTbAIrsqM+FpJ0Y3LCn1Bp5RM5rYNzWSGJCOUoeDXuNU/8Dv8AHfi1q3ptAun9UDg5Nx7ufccL+JMadv+sHJr6xubW/ntQnFnd2+/VD5oqTCWFJo05KHseEQBZwKammkOnUgCCTwObW98P6u3n0AqFoqGnkTQC8hQsAGjRBupXzpyORFDDtilI4ZdmX76DXyL7X6pYlftFHiVOAtSQQvU+2Wr6PohjQMQmnKiVNexI91LiNSMcpgW3FhBROiYDKFrqCABqF6SmpjiU6P4eBBK84TGqfp3IiGBUpPAM50B0SO1XJuJ/9W6sR7c9BImoliDoPNFg5hjHeJZIthnEqjmE0MIlczciumISEK1yS2zxfOCjInEV7Nbs5oyzkfgT018znJYq6R1XnWuqpePF5Xa3SLIPDpGJ+gMOega1dADqqMmougZvaBX9Ga9W5/Wl/U9b81Zi5lDlIH18wu5l63p</latexit>

→ω↑T > 0
<latexit sha1_base64="RAN2kC+6YWRj2rwrek30ol58O9s=">AAACO3icbVDLSsNAFJ3UV219tLoR3ASL4Kok4mtZLIjLCk1baEOYTCbt0JkkzEyEEuLXuNU/8ENcuxO37p20EUzrhYEz59zLvee4ESVCGsa7Vlpb39jcKm9Xqju7e/u1+kFPhDFH2EIhDfnAhQJTEmBLEknxIOIYMpfivjttZ3r/EXNBwqArZxG2GRwHxCcISkU5taMRg3LCWdK+66bO78fqpU6tYTSNeemrwMxBA+TVcepadeSFKGY4kIhCIYamEUk7gVwSRHFaGcUCRxBN4RgPFQwgw8JO5hZS/VQxnu6HXL1A6nP270QCmRAz5qrO7EaxrGXkf9owlv6NnZAgiiUO0GKRH1NdhnqWh+4RjpGkMwUg4kTdqqMJ5BBJlVphi+uygonEE9mtRU4o5xPsZfGZy2Gtgt5507xqXj5cNFq3eZBlcAxOwBkwwTVogXvQARZA4Ak8gxfwqr1pH9qn9rVoLWn5zCEolPb9A8iyrqE=</latexit>

CFTUV

spacetime parity is broken for <latexit sha1_base64="TOyypPExcqPtoEUDQ7y6AVkuPSA=">AAACKHicbVDLSgMxFE3qq7Y+Wl26CRbBVZkRXyspunFZoS9oh5LJpG1okhmSjFCGfoRb/QO/xp1065eYaWfhtF64cDj3Xu45x48408ZxFrCwtb2zu1fcL5UPDo+OK9WTjg5jRWibhDxUPR9rypmkbcMMp71IUSx8Trv+9Cmdd1+p0iyULTOLqCfwWLIRI9hYqttCD6g1JMNKzak7y0KbwM1ADWTVHFZheRCEJBZUGsKx1n3XiYyXYGUY4XReGsSaRphM8Zj2LZRYUO0lS71zdGGZAI1CZVsatGT/XiRYaD0Tvt0U2Ez0+iwl/5v1YzO69xImo9hQSVaPRjFHJkSpeRQwRYnhMwswUcxqRWSCFSbGRpT74vsiZyIJdKo1z2nrfEKDuY3PXQ9rE3Su6u5t/eblutZ4zIIsgjNwDi6BC+5AAzyDJmgDAqbgDbyDD/gJv+A3XKxWCzC7OQW5gj+/8fqmDQ==</latexit>

T > Tc

• an RG trajectory connecting them      defines QFT
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• for            , system can be tuned to show breaking of spacetime parity at high temperatures<latexit sha1_base64="NoxoY+ewcs2ymLbNMov5bOObRAI=">AAACJ3icbVDLSsNAFJ2pr9r6aHXpZrAIrkoiVl1J0Y0rqWAf0IYymUzasZNJmJkIJfQf3Oof+DXuRJf+iZM2C9N64cLh3Hu55xw34kxpy/qGhbX1jc2t4napvLO7t1+pHnRUGEtC2yTkoey5WFHOBG1rpjntRZLiwOW0605u03n3mUrFQvGopxF1AjwSzGcEa0N17tE1shvDSs2qW/NCq8DOQA1k1RpWYXnghSQOqNCEY6X6thVpJ8FSM8LprDSIFY0wmeAR7RsocECVk8zlztCJYTzkh9K00GjO/r1IcKDUNHDNZoD1WC3PUvK/WT/W/pWTMBHFmgqyeOTHHOkQpd6RxyQlmk8NwEQyoxWRMZaYaJNQ7ovrBjkTiadSrXlOGedj6s1MfPZyWKugc1a3L+qNh/Na8yYLsgiOwDE4BTa4BE1wB1qgDQh4Ai/gFbzBd/gBP+HXYrUAs5tDkCv48wuN6aVN</latexit>

N > 15

• this is the first example of persistent breaking of a spacetime symmetry

Outlook
• extension of biconical model with multiple scalars and                                  symmetry  

<latexit sha1_base64="ki7r5lzwBnywzrGbbj1yG1fVXdE="></latexit>

O(N)→ (ZM
2 ⊋ SM )

• study of                       model and possibility of persistent BKT phase
<latexit sha1_base64="0wE4s82FISo54koOTnf2dzA4mLk=">AAACRXicbVDLTgIxFG19IvgAXbppICawITPE15LoxpViIo8EJqTTKdDQzkzajgmZzN6vcat/4Df4Ee6MW+0ACx6e5CYn59ybe+9xQ86UtqxPuLG5tb2zm9nL5vYPDo/yheOWCiJJaJMEPJAdFyvKmU+bmmlOO6GkWLictt3xbeq3n6lULPCf9CSkjsBDnw0YwdpI/XyxJ7AeSRE/JOX7CuppJqhCC2Kt0s+XrKo1BVon9pyUwByNfgHmel5AIkF9TThWqmtboXZiLDUjnCbZXqRoiMkYD2nXUB+bnU48fSZBZ0bx0CCQpnyNpuriRIyFUhPhms70SrXqpeJ/XjfSg2snZn4YaeqT2aJBxJEOUJoM8pikRPOJIZhIZm5FZIQlJtrkt7TFdcXSE7Gn0luXNWU+H1EvMfHZq2Gtk1atal9WLx7PS/WbeZAZcAqKoAxscAXq4A40QBMQ8AJewRt4hx/wC37Dn1nrBpzPnIAlwN8/JaaxnA==</latexit>
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Summary and Outlook
Spontaneous symmetry breaking can occur at high temperatures in certain QFTs.

We studied the biconical model coupled to Dirac fermions in 2+1 dimensions 

• for            , system can be tuned to show breaking of spacetime parity at high temperatures<latexit sha1_base64="NoxoY+ewcs2ymLbNMov5bOObRAI=">AAACJ3icbVDLSsNAFJ2pr9r6aHXpZrAIrkoiVl1J0Y0rqWAf0IYymUzasZNJmJkIJfQf3Oof+DXuRJf+iZM2C9N64cLh3Hu55xw34kxpy/qGhbX1jc2t4napvLO7t1+pHnRUGEtC2yTkoey5WFHOBG1rpjntRZLiwOW0605u03n3mUrFQvGopxF1AjwSzGcEa0N17tE1shvDSs2qW/NCq8DOQA1k1RpWYXnghSQOqNCEY6X6thVpJ8FSM8LprDSIFY0wmeAR7RsocECVk8zlztCJYTzkh9K00GjO/r1IcKDUNHDNZoD1WC3PUvK/WT/W/pWTMBHFmgqyeOTHHOkQpd6RxyQlmk8NwEQyoxWRMZaYaJNQ7ovrBjkTiadSrXlOGedj6s1MfPZyWKugc1a3L+qNh/Na8yYLsgiOwDE4BTa4BE1wB1qgDQh4Ai/gFbzBd/gBP+HXYrUAs5tDkCv48wuN6aVN</latexit>

N > 15

• this is the first example of persistent breaking of a spacetime symmetry
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Outlook
• extension of biconical model with multiple scalars and                                  symmetry  

<latexit sha1_base64="ki7r5lzwBnywzrGbbj1yG1fVXdE="></latexit>

O(N)→ (ZM
2 ⊋ SM )

• study of                       model and possibility of persistent BKT phase
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