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Quantum regimes nicely classified via the path integral

Weak coupling:  loop expansion around leading trajectory   
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can further distinguish semi-classical and quantum observables

semi-class
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Ex:  
around  

Ex: every day life 
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Strong coupling: PI cannot be described by leading trajectory   



Common  practice: few legs in weakly coupled QFT  
= small fluctuations around trivial trajectory

However when the number of legs grows expansion breaks down

How do we describe physics in this regime?



n-legs  in �4
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Aloop = Atree
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a mess ?!

see old review by Rubakov, arXiv:9511236, 1995



Indeed .. but not completely

all large effects can be proven to resum into
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Exponential form suggest existence of non-trvial 
semiclassical trajectory describing the process

Something indeed proven by Son, 
back in the 90’s…still a reasonable mess to

work out quantitatively

Libanov, Rubakov, Son, Troitsky 1994



   Charged �4
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Few Legs



Many Legs
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perturbation theory breaks down at �n
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series can be organized as a double expansion
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similar to RG

can we systematically resum the            series like done
 for             series by RG ?
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by expanding path integral around suitable trajectory

Yes



Sketch of idea
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semiclassical expansion valid for all          as long as�n
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is scheme dependent away from fixed point

focus on Wilson-Fisher  fixed point in d = 4� ✏
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Compute by mapping theory to cylinder R⇥ Sd�1
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Mapping to the cylinder & operator state correspondence
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<latexit sha1_base64="1XvS2hMqpF9a5RYwxSlGix/Ey88=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbE9Rb04jEBs0AyhJ5OJWnT0zN09whhyBd48aCIVz/Jm39jZxFcHxQ83quiql6YCK6N5707uYXFpeWV/GphbX1jc6u4vVPXcaoY1lgsYtUMqUbBJdYMNwKbiUIahQIb4fBq4jfuUGkeyxszSjCIaF/yHmfUWKmqOsWS5554/sWpT34T3/WmKMEclU7xrd2NWRqhNExQrVu+l5ggo8pwJnBcaKcaE8qGtI8tSyWNUAfZ9NAxObBKl/RiZUsaMlW/TmQ00noUhbYzomagf3oT8S+vlZreeZBxmaQGJZst6qWCmJhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTPT8n/pH7k+p7rV49L5ct5HHnYg304BB/OoAzXUIEaMEC4h0d4cm6dB+fZeZm15pz5zC58g/P6ATysjTg=</latexit><latexit sha1_base64="1XvS2hMqpF9a5RYwxSlGix/Ey88=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbE9Rb04jEBs0AyhJ5OJWnT0zN09whhyBd48aCIVz/Jm39jZxFcHxQ83quiql6YCK6N5707uYXFpeWV/GphbX1jc6u4vVPXcaoY1lgsYtUMqUbBJdYMNwKbiUIahQIb4fBq4jfuUGkeyxszSjCIaF/yHmfUWKmqOsWS5554/sWpT34T3/WmKMEclU7xrd2NWRqhNExQrVu+l5ggo8pwJnBcaKcaE8qGtI8tSyWNUAfZ9NAxObBKl/RiZUsaMlW/TmQ00noUhbYzomagf3oT8S+vlZreeZBxmaQGJZst6qWCmJhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTPT8n/pH7k+p7rV49L5ct5HHnYg304BB/OoAzXUIEaMEC4h0d4cm6dB+fZeZm15pz5zC58g/P6ATysjTg=</latexit><latexit sha1_base64="1XvS2hMqpF9a5RYwxSlGix/Ey88=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbE9Rb04jEBs0AyhJ5OJWnT0zN09whhyBd48aCIVz/Jm39jZxFcHxQ83quiql6YCK6N5707uYXFpeWV/GphbX1jc6u4vVPXcaoY1lgsYtUMqUbBJdYMNwKbiUIahQIb4fBq4jfuUGkeyxszSjCIaF/yHmfUWKmqOsWS5554/sWpT34T3/WmKMEclU7xrd2NWRqhNExQrVu+l5ggo8pwJnBcaKcaE8qGtI8tSyWNUAfZ9NAxObBKl/RiZUsaMlW/TmQ00noUhbYzomagf3oT8S+vlZreeZBxmaQGJZst6qWCmJhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTPT8n/pH7k+p7rV49L5ct5HHnYg304BB/OoAzXUIEaMEC4h0d4cm6dB+fZeZm15pz5zC58g/P6ATysjTg=</latexit><latexit sha1_base64="1XvS2hMqpF9a5RYwxSlGix/Ey88=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbE9Rb04jEBs0AyhJ5OJWnT0zN09whhyBd48aCIVz/Jm39jZxFcHxQ83quiql6YCK6N5707uYXFpeWV/GphbX1jc6u4vVPXcaoY1lgsYtUMqUbBJdYMNwKbiUIahQIb4fBq4jfuUGkeyxszSjCIaF/yHmfUWKmqOsWS5554/sWpT34T3/WmKMEclU7xrd2NWRqhNExQrVu+l5ggo8pwJnBcaKcaE8qGtI8tSyWNUAfZ9NAxObBKl/RiZUsaMlW/TmQ00noUhbYzomagf3oT8S+vlZreeZBxmaQGJZst6qWCmJhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTPT8n/pH7k+p7rV49L5ct5HHnYg304BB/OoAzXUIEaMEC4h0d4cm6dB+fZeZm15pz5zC58g/P6ATysjTg=</latexit>

⌧ = ln r
<latexit sha1_base64="uqpq3RmHaXm3C9cQMN5kIqE+j2c=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiB4CjPiehCCXjxGMAtmhtDT6SRNenqG7hohDPkLLx4U8erfePNv7CyC64OCx3tVVNULEykMuu67k5ubX1hcyi8XVlbX1jeKm1t1E6ea8RqLZaybITVcCsVrKFDyZqI5jULJG+Hgcuw37rg2IlY3OEx4ENGeEl3BKFrp1keanvtSEd0ultzykeudHXvkN/HK7gQlmKHaLr75nZilEVfIJDWm5bkJBhnVKJjko4KfGp5QNqA93rJU0YibIJtcPCJ7VumQbqxtKSQT9etERiNjhlFoOyOKffPTG4t/ea0Uu6dBJlSSIldsuqibSoIxGb9POkJzhnJoCWVa2FsJ61NNGdqQCjaEz0/J/6R+UPbcsnd9WKpczOLIww7swj54cAIVuIIq1ICBgnt4hCfHOA/Os/Mybc05s5lt+Abn9QN82JDL</latexit><latexit sha1_base64="uqpq3RmHaXm3C9cQMN5kIqE+j2c=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiB4CjPiehCCXjxGMAtmhtDT6SRNenqG7hohDPkLLx4U8erfePNv7CyC64OCx3tVVNULEykMuu67k5ubX1hcyi8XVlbX1jeKm1t1E6ea8RqLZaybITVcCsVrKFDyZqI5jULJG+Hgcuw37rg2IlY3OEx4ENGeEl3BKFrp1keanvtSEd0ultzykeudHXvkN/HK7gQlmKHaLr75nZilEVfIJDWm5bkJBhnVKJjko4KfGp5QNqA93rJU0YibIJtcPCJ7VumQbqxtKSQT9etERiNjhlFoOyOKffPTG4t/ea0Uu6dBJlSSIldsuqibSoIxGb9POkJzhnJoCWVa2FsJ61NNGdqQCjaEz0/J/6R+UPbcsnd9WKpczOLIww7swj54cAIVuIIq1ICBgnt4hCfHOA/Os/Mybc05s5lt+Abn9QN82JDL</latexit><latexit sha1_base64="uqpq3RmHaXm3C9cQMN5kIqE+j2c=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiB4CjPiehCCXjxGMAtmhtDT6SRNenqG7hohDPkLLx4U8erfePNv7CyC64OCx3tVVNULEykMuu67k5ubX1hcyi8XVlbX1jeKm1t1E6ea8RqLZaybITVcCsVrKFDyZqI5jULJG+Hgcuw37rg2IlY3OEx4ENGeEl3BKFrp1keanvtSEd0ultzykeudHXvkN/HK7gQlmKHaLr75nZilEVfIJDWm5bkJBhnVKJjko4KfGp5QNqA93rJU0YibIJtcPCJ7VumQbqxtKSQT9etERiNjhlFoOyOKffPTG4t/ea0Uu6dBJlSSIldsuqibSoIxGb9POkJzhnJoCWVa2FsJ61NNGdqQCjaEz0/J/6R+UPbcsnd9WKpczOLIww7swj54cAIVuIIq1ICBgnt4hCfHOA/Os/Mybc05s5lt+Abn9QN82JDL</latexit><latexit sha1_base64="uqpq3RmHaXm3C9cQMN5kIqE+j2c=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiB4CjPiehCCXjxGMAtmhtDT6SRNenqG7hohDPkLLx4U8erfePNv7CyC64OCx3tVVNULEykMuu67k5ubX1hcyi8XVlbX1jeKm1t1E6ea8RqLZaybITVcCsVrKFDyZqI5jULJG+Hgcuw37rg2IlY3OEx4ENGeEl3BKFrp1keanvtSEd0ultzykeudHXvkN/HK7gQlmKHaLr75nZilEVfIJDWm5bkJBhnVKJjko4KfGp5QNqA93rJU0YibIJtcPCJ7VumQbqxtKSQT9etERiNjhlFoOyOKffPTG4t/ea0Uu6dBJlSSIldsuqibSoIxGb9POkJzhnJoCWVa2FsJ61NNGdqQCjaEz0/J/6R+UPbcsnd9WKpczOLIww7swj54cAIVuIIq1ICBgnt4hCfHOA/Os/Mybc05s5lt+Abn9QN82JDL</latexit>

O
<latexit sha1_base64="hcFZgldooruyOwKlrPmlTuOn6dc=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjMi6DHoxZsRzALJEGo6PUmTnp6xu0cYhvyEFw+KePV3vPk3dhYhbg8KHu9VUVUvSATXxnU/nMLS8srqWnG9tLG5tb1T3t1r6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGlxO/dc+U5rG8NVnC/AgHkoecorFSO+9SFOR63CtXvKo7BXF/kS+rAnPUe+X3bj+macSkoQK17nhuYvwcleFUsHGpm2qWIB3hgHUslRgx7efTe8fkyCp9EsbKljRkqi5O5BhpnUWB7YzQDPVPbyL+5XVSE577OZdJapiks0VhKoiJyeR50ueKUSMyS5Aqbm8ldIgKqbERlRZD+J80T6qeW/VuTiu1i3kcRTiAQzgGD86gBldQhwZQEPAAT/Ds3DmPzovzOmstOPOZffgG5+0Tt6GPvg==</latexit><latexit sha1_base64="hcFZgldooruyOwKlrPmlTuOn6dc=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjMi6DHoxZsRzALJEGo6PUmTnp6xu0cYhvyEFw+KePV3vPk3dhYhbg8KHu9VUVUvSATXxnU/nMLS8srqWnG9tLG5tb1T3t1r6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGlxO/dc+U5rG8NVnC/AgHkoecorFSO+9SFOR63CtXvKo7BXF/kS+rAnPUe+X3bj+macSkoQK17nhuYvwcleFUsHGpm2qWIB3hgHUslRgx7efTe8fkyCp9EsbKljRkqi5O5BhpnUWB7YzQDPVPbyL+5XVSE577OZdJapiks0VhKoiJyeR50ueKUSMyS5Aqbm8ldIgKqbERlRZD+J80T6qeW/VuTiu1i3kcRTiAQzgGD86gBldQhwZQEPAAT/Ds3DmPzovzOmstOPOZffgG5+0Tt6GPvg==</latexit><latexit sha1_base64="hcFZgldooruyOwKlrPmlTuOn6dc=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjMi6DHoxZsRzALJEGo6PUmTnp6xu0cYhvyEFw+KePV3vPk3dhYhbg8KHu9VUVUvSATXxnU/nMLS8srqWnG9tLG5tb1T3t1r6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGlxO/dc+U5rG8NVnC/AgHkoecorFSO+9SFOR63CtXvKo7BXF/kS+rAnPUe+X3bj+macSkoQK17nhuYvwcleFUsHGpm2qWIB3hgHUslRgx7efTe8fkyCp9EsbKljRkqi5O5BhpnUWB7YzQDPVPbyL+5XVSE577OZdJapiks0VhKoiJyeR50ueKUSMyS5Aqbm8ldIgKqbERlRZD+J80T6qeW/VuTiu1i3kcRTiAQzgGD86gBldQhwZQEPAAT/Ds3DmPzovzOmstOPOZffgG5+0Tt6GPvg==</latexit><latexit sha1_base64="hcFZgldooruyOwKlrPmlTuOn6dc=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjMi6DHoxZsRzALJEGo6PUmTnp6xu0cYhvyEFw+KePV3vPk3dhYhbg8KHu9VUVUvSATXxnU/nMLS8srqWnG9tLG5tb1T3t1r6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGlxO/dc+U5rG8NVnC/AgHkoecorFSO+9SFOR63CtXvKo7BXF/kS+rAnPUe+X3bj+macSkoQK17nhuYvwcleFUsHGpm2qWIB3hgHUslRgx7efTe8fkyCp9EsbKljRkqi5O5BhpnUWB7YzQDPVPbyL+5XVSE577OZdJapiks0VhKoiJyeR50ueKUSMyS5Aqbm8ldIgKqbERlRZD+J80T6qeW/VuTiu1i3kcRTiAQzgGD86gBldQhwZQEPAAT/Ds3DmPzovzOmstOPOZffgG5+0Tt6GPvg==</latexit>

|Oi
<latexit sha1_base64="x8XB20QIxHSlQYEqF1D4/QYObjM=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSB4Crsi6DHoxZsRzAOSJfROepMhs7PLzGwgrPkTLx4U8eqfePNvnDyE+CpoKKq66aLCVHBtPO/DWVpeWV1bL2wUN7e2d3bdvf26TjLFsMYSkahmCBoFl1gz3AhspgohDgU2wsHVxG8MUWmeyDszSjGIoSd5xBkYK3Vc9z5vMxD0ZtxWIHsCO27JL3tTUO8X+bJKZI5qx31vdxOWxSgNE6B1y/dSE+SgDGcCx8V2pjEFNoAetiyVEKMO8mnyMT22SpdGibIjDZ2qixc5xFqP4tBuxmD6+qc3Ef/yWpmJLoKcyzQzKNnsUZQJahI6qYF2uUJmxMgSYIrbrJT1QQEztqziYgn/k/pp2ffK/u1ZqXI5r6NADskROSE+OScVck2qpEYYGZIH8kSendx5dF6c19nqkjO/OSDf4Lx9AoK9k5A=</latexit><latexit sha1_base64="x8XB20QIxHSlQYEqF1D4/QYObjM=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSB4Crsi6DHoxZsRzAOSJfROepMhs7PLzGwgrPkTLx4U8eqfePNvnDyE+CpoKKq66aLCVHBtPO/DWVpeWV1bL2wUN7e2d3bdvf26TjLFsMYSkahmCBoFl1gz3AhspgohDgU2wsHVxG8MUWmeyDszSjGIoSd5xBkYK3Vc9z5vMxD0ZtxWIHsCO27JL3tTUO8X+bJKZI5qx31vdxOWxSgNE6B1y/dSE+SgDGcCx8V2pjEFNoAetiyVEKMO8mnyMT22SpdGibIjDZ2qixc5xFqP4tBuxmD6+qc3Ef/yWpmJLoKcyzQzKNnsUZQJahI6qYF2uUJmxMgSYIrbrJT1QQEztqziYgn/k/pp2ffK/u1ZqXI5r6NADskROSE+OScVck2qpEYYGZIH8kSendx5dF6c19nqkjO/OSDf4Lx9AoK9k5A=</latexit><latexit sha1_base64="x8XB20QIxHSlQYEqF1D4/QYObjM=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSB4Crsi6DHoxZsRzAOSJfROepMhs7PLzGwgrPkTLx4U8eqfePNvnDyE+CpoKKq66aLCVHBtPO/DWVpeWV1bL2wUN7e2d3bdvf26TjLFsMYSkahmCBoFl1gz3AhspgohDgU2wsHVxG8MUWmeyDszSjGIoSd5xBkYK3Vc9z5vMxD0ZtxWIHsCO27JL3tTUO8X+bJKZI5qx31vdxOWxSgNE6B1y/dSE+SgDGcCx8V2pjEFNoAetiyVEKMO8mnyMT22SpdGibIjDZ2qixc5xFqP4tBuxmD6+qc3Ef/yWpmJLoKcyzQzKNnsUZQJahI6qYF2uUJmxMgSYIrbrJT1QQEztqziYgn/k/pp2ffK/u1ZqXI5r6NADskROSE+OScVck2qpEYYGZIH8kSendx5dF6c19nqkjO/OSDf4Lx9AoK9k5A=</latexit><latexit sha1_base64="x8XB20QIxHSlQYEqF1D4/QYObjM=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSB4Crsi6DHoxZsRzAOSJfROepMhs7PLzGwgrPkTLx4U8eqfePNvnDyE+CpoKKq66aLCVHBtPO/DWVpeWV1bL2wUN7e2d3bdvf26TjLFsMYSkahmCBoFl1gz3AhspgohDgU2wsHVxG8MUWmeyDszSjGIoSd5xBkYK3Vc9z5vMxD0ZtxWIHsCO27JL3tTUO8X+bJKZI5qx31vdxOWxSgNE6B1y/dSE+SgDGcCx8V2pjEFNoAetiyVEKMO8mnyMT22SpdGibIjDZ2qixc5xFqP4tBuxmD6+qc3Ef/yWpmJLoKcyzQzKNnsUZQJahI6qYF2uUJmxMgSYIrbrJT1QQEztqziYgn/k/pp2ffK/u1ZqXI5r6NADskROSE+OScVck2qpEYYGZIH8kSendx5dF6c19nqkjO/OSDf4Lx9AoK9k5A=</latexit>

hO(r)O(0) i =
1

r2�
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

hO|e�H⌧
|Oi = e��⌧

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



h�n|e�H(⌧f�⌧i)|�ni =

Z
D� e�Scyl

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Scyl =

Z
d⌧d⌦d�1

✓
|@�|2 + ⇠dR|�|2 + �

4
|�|4 � in�f + in�i

◆

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

⇠dR =

✓
d� 2

2

◆2

⌘ m2
d

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

� ⌘ ⇢ ei�
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

‘conformal mass’ on sphere

ein� / ein ln�
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

projects on state of charge n



solution of lowest action: homogeneous superfluid

� = �iµ⌧
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

⇢ = const
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Sd�1 =
2⇡

d
2

�(d2 )<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�µ2 +m2
d +

�

2
⇢2 = 0

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

boundary eom

bulk eom

µ(µ2 �m2
d) =

�n

4Sd�1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�n =
n

4µ
(3µ2 +m2

d)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�n = nP0(�n, d)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

2⇢2µ =
n

Sd�1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Explicitly for d ! 4
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

� = �⇤ / ✏ ! 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�n = fixed
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�n � 1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�n =
⇡
2

�

"
3

8

✓
�n

⇡2

◆4/3

+

✓
�n

⇡2

◆2/3

� 2

3
+O

⇣�
�n/⇡

2
��2/3

⌘#

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Interpretation: m2
⇢ ⇠ µ2 ⇠ (�n)2/3 � 1

R2
= 1

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

integrate out radial mode: ‘pure’ conformal superfluid EFT

L ⇠ (@�)4 +R(@�)2 +R2 + . . .
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

known large charge behaviour 
Hellerman, Orlando, Reffert, Watanabe ’15
Monin, Pirtskhalava, RR, Seibold ’16
Jafferis, Mukhametzhanov, Zhiboedov, ‘17
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which invites comparison with diagrams
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happily agreeing



Makes one want to check subleading terms

To do so fixed point condition in                     is essentiald = 4� ✏
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diagrammatic computation gives



Semiclassically on cylinder
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Casimir Energy on Sd-1, convergent for sufficiently low d
in terms of the renormalized coupling 

�n =
�Rn(n� 1)

32⇡2
+

�R✏n2

64⇡2
� �2

R(2n
3 + 3n2)

1024⇡4
+ . . .

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�R
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

✏
n(n� 1)

10
� ✏

2n(n
2 � 4n)

50
+O

�
✏
3
n
4
�

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

fixed point
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in d=3 conformally invariant for any       up to 1-loop�
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Can non trivially match universal quantum effects in 
genuine 3D CFT in large regime to diagrammatic 

computation … and  it works!



Summary
Wilson-Fisher fixed points: simple but rich playground to 

get structural insight on                regime in QFT�n � 1
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Loop expansion for         non-trivially and systematically
encapsulated by semiclassical supefluid configuration 
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can be studied by extension of method, 
providing  dynamical information, akin to amplitudes

Properties of nearby operators, ex                    ,          
described by hydrodynamic modes 
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…but it would be nice to get back to the SM…
someone certainly will before the FCC begins


