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SSB at all T: Why not?

<latexit sha1_base64="5v1/3y3Rp8+wgnswl9FdMLyY6Vs=">AAACAXicbVDLSgNBEOyNrxhfUY9eBoPgxbArvi5CUBSPEfPCZAmzk9lkyOzsMjMrhCUnf8Gr3r2JV7/Eq1/iJNmDSSxoKKq66e7yIs6Utu1vK7OwuLS8kl3Nra1vbG7lt3dqKowloVUS8lA2PKwoZ4JWNdOcNiJJceBxWvf61yO//kSlYqGo6EFE3QB3BfMZwdpIj7foEt2gI1R5aOcLdtEeA80TJyUFSFFu539anZDEARWacKxU07Ej7SZYakY4HeZasaIRJn3cpU1DBQ6ocpPxxUN0YJQO8kNpSmg0Vv9OJDhQahB4pjPAuqdmvZH4n9eMtX/hJkxEsaaCTBb5MUc6RKP3UYdJSjQfGIKJZOZWRHpYYqJNSFNbPC8YmlCc2QjmSe246JwVT+9PCqWrNJ4s7ME+HIID51CCOyhDFQgIeIFXeLOerXfrw/qctGasdGYXpmB9/QIwE5YC</latexit>

F = E � TS

Simple argument:
Free energy minimized at all temperatures

M

TTc

at high temperatures: entropy is maximized

usually: high entropy disorder and 
symmetry restoration

Common examples: ferromagnetism, superconductivity, crystals, …

Spontaneous symmetry breaking usually only occurs at sufficiently low temperatures



SSB at all T: Why not?
Spontaneous symmetry breaking usually only occurs at sufficiently low temperatures

But: symmetry can be broken when temperature is increased, e.g. “Pomeranchuk effect” in 3He
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<latexit sha1_base64="1FAaqzlQAPZsaIhEsDhUqWagoKM=">AAACE3icbVDLSsNAFJ34rPUVdaebwSK4kJD4XhbdCG4q9AVNKJPptB06MwkzE6GEgj/hL7jVvTtx6we49UuctFnY1gMXDufcy733hDGjSrvut7WwuLS8slpYK65vbG5t2zu7dRUlEpMajlgkmyFShFFBappqRpqxJIiHjDTCwW3mNx6JVDQSVT2MScBRT9AuxUgbqW3vV6HPiFKKcug6Z/6Jz5HuS57ej9p2yXXcMeA88XJSAjkqbfvH70Q44URozJBSLc+NdZAiqSlmZFT0E0VihAeoR1qGCsSJCtLxDyN4ZJQO7EbSlNBwrP6dSBFXashD05ldqGa9TPzPayW6ex2kVMSJJgJPFnUTBnUEs0Bgh0qCNRsagrCk5laI+0girE1sU1vCkGeheLMRzJP6qeNdOhcP56XyTR5PARyAQ3AMPHAFyuAOVEANYPAEXsAreLOerXfrw/qctC5Y+cwemIL19QuPLJ3o</latexit>

T . 0.3K
<latexit sha1_base64="kwHdQHOMJR9uxifxt3GF5fPLExA=">AAACHXicbZC7TsMwFIYdrqXcAowsFgWJqUoQt4GhgoWxCHqR2ihyHLe1asfBdpCqqC/AS/AKrLCzIVbEypPgtJGgLb9k6dd3ztE5/oOYUaUd58uam19YXFourBRX19Y3Nu2t7boSicSkhgUTshkgRRiNSE1TzUgzlgTxgJFG0L/K6o0HIhUV0Z0exMTjqBvRDsVIG+Tb+7d+myPdkzxl9D6h4RBewF+mBDPIt0tO2RkJzho3NyWQq+rb3+1Q4ISTSGOGlGq5Tqy9FElNMSPDYjtRJEa4j7qkZWyEOFFeOvrNEB4YEsKOkOZFGo7o34kUcaUGPDCd2ZVqupbB/2qtRHfOvZRGcaJJhMeLOgmDWsAsGhhSSbBmA2MQltTcCnEPSYS1CXBiSxDwLBR3OoJZUz8qu6flk5vjUuUyj6cAdsEeOAQuOAMVcA2qoAYweATP4AW8Wk/Wm/VufYxb56x8ZgdMyPr8AYO0o1g=</latexit>

Sliquid < Ssolid: due to disordered nucleon spins 

Additional degree of freedom can lead to “inverted” transition 

Can this also persist up to highest temperatures?

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



Can a symmetry be broken at all temperatures?
On a lattice:

density matrix 
<latexit sha1_base64="Yo90ZjTIWm4T07wMrlamhQfcUcI=">AAACD3icbVDLSsNAFJ3UV62vqODGzWAR3FgS8bUsuumygn1AE8tketMOnUnCzEQosR/hL7jVvTtx6ye49UtM2ixs64ELh3Pu5VyOF3GmtGV9G4Wl5ZXVteJ6aWNza3vH3N1rqjCWFBo05KFse0QBZwE0NNMc2pEEIjwOLW94m/mtR5CKhcG9HkXgCtIPmM8o0anUNQ8cOQixo5jA8JCcOh5ogmvjrlm2KtYEeJHYOSmjHPWu+eP0QhoLCDTlRKmObUXaTYjUjHIYl5xYQUTokPShk9KACFBuMvl/jI9TpYf9UKYTaDxR/14kRCg1El66KYgeqHkvE//zOrH2r92EBVGsIaDTID/mWIc4KwP3mASq+SglhEqW/orpgEhCdVrZTIrniawUe76CRdI8q9iXlYu783L1Jq+niA7RETpBNrpCVVRDddRAFD2hF/SK3oxn4934MD6nqwUjv9lHMzC+fgG1xZxh</latexit>

⇢ ⇠ e��H

all sites disentangle and system is disordered

As a QFT: evidence for the existence of such theories, but only for

(a) non-unitary theories (i.e. in                  , non-zero chemical potential, …)

(b) unitary but non-local theories in

In low dimensions: Coleman-Hohenberg-Mermin-Wagner theorem
forbids SSB of continuous symmetries at finite temperature

(c) UV incomplete theories 

<latexit sha1_base64="u+TbGBecXXUwM3uMPpejrnhcA28=">AAACFXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5oHJEmZnJ8mQmdllZlYIS/5C8KR/4k28evZHPDub7MEkNjQUVd10dQUxZ9q47rdTWFldW98obpa2tnd298r7B00dJYrQBol4pNoB1pQzSRuGGU7bsaJYBJy2gtFtpreeqNIskg9mHFNf4IFkfUawsdRjV2AzDHXqTXrlilt1p4WWgZeDCuRV75V/umFEEkGlIRxr3fHc2PgpVoYRTielbqJpjMkID2jHQokF1X46dTxBJ5YJUT9StqVBU/bvRoqF1mMR2MnMoV7UMvI/rZOY/rWfMhknhkoyO9RPODIRyt5HIVOUGD62ABPFrFdEhlhhYmxIc1eCQMw9kYY685oF5S3GsgyaZ1Xvsnpxf16p3eSRFeEIjuEUPLiCGtxBHRpAQMIzvMKb8+K8Ox/O52y04OQ7hzBXztcvJ9SgaQ==</latexit>

1
high

<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="ZriH7rDA5WB/NlkWa8h+pwafUwo=">AAACHXicbVDLSsNAFJ34rPUVdelmsAhuLInUx0YounFZwT6gLWUyuWmHTiZhZlIooX8iuNI/cSduxR9x7aTNwrYeGDiccy/3zPFizpR2nG9rZXVtfWOzsFXc3tnd27cPDhsqSiSFOo14JFseUcCZgLpmmkMrlkBCj0PTG95nfnMEUrFIPOlxDN2Q9AULGCXaSD3b9vEtruBz3IFYMZ5JJafsTIGXiZuTEspR69k/HT+iSQhCU06UartOrLspkZpRDpNiJ1EQEzokfWgbKkgIqptOk0/wqVF8HETSPKHxVP27kZJQqXHomcmQ6IFa9DLxP6+d6OCmmzIRJxoEnR0KEo51hLMasM8kUM3HhhAqmcmK6YBIQrUpa+6K54Vzn0h9lWWdmKLcxVqWSeOi7F6VLx8rpepdXlkBHaMTdIZcdI2q6AHVUB1RNELP6BW9WS/Wu/Vhfc5GV6x85wjNwfr6Beo3oag=</latexit>

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

d = 2 + 1 S. Weinberg, Phys. Rev. D 9 3357 (1974)
S.-I. Hong et al., Phys. Rev. D 63, 085014 (2001)
N. Chai et al.,  Phys. Rev. Lett. 125, 131603 (2020)
N. Chai et al., Phys. Rev. D 102, 065014 (2020)

(d) infinitely many fields Chaudhuri et al., JHEP 2021.8: 1-38  (2021)

Kliesch et al., Phys. Rev. X 4.3: 031019 (2014)

 B. Bajc et al., Phys. Rev. D 103, 096014 (2021)



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

A CFT at finite temperature is a CFT on 
<latexit sha1_base64="P0R/WmWjYdaBO/91+Ut6pR3bqsQ=">AAACGnicbVC5TgMxFPSGK4RrgZLGECHREO0irjKChjIcOaRsEtmOk1jxHrLfIkWrrfkJfoEWejpES0PLl+AcBUkYydJo5j3N89BICg2O821lFhaXlleyq7m19Y3NLXt7p6LDWDFeZqEMVY0SzaUIeBkESF6LFCc+lbxK+9dDv/rIlRZh8ACDiDd80g1ERzACRmrZ+55PoEdpcpc2k/axm2IPhM81vm+6LY9yIC077xScEfA8cSckjyYotewfrx2y2OcBMEm0rrtOBI2EKBBM8jTnxZpHhPVJl9cNDYiJaySjr6T40Cht3AmVeQHgkfp3IyG+1gOfmsnh4XrWG4r/efUYOpeNRARRDDxg46BOLDGEeNgLbgvFGciBIYQpYW7FrEcUYWDam0qh1E9NKe5sBfOkclJwzwtnt6f54tWknizaQwfoCLnoAhXRDSqhMmLoCb2gV/RmPVvv1of1OR7NWJOdXTQF6+sXk8yhIA==</latexit>

Rd�1 ⇥ S1
�

• One-point functions now enter CFT data, e.g. for scalar operator     , 

Conjecture:                     symmetric models in                   at biconical fixed-point     
<latexit sha1_base64="IsTBUoTAlU/6xjRP3ici8JFAx4c=">AAACGnicbVC7TsMwFHV4lvIKMLIYKqSyVEnFa6xgYYIi0Ydoq8h2ndaqnUS2g1RFmfkJfoEVdjbEysLKl+CmHWjLkSwdnXOvzvXBEWdKO863tbC4tLyymlvLr29sbm3bO7t1FcaS0BoJeSibGCnKWUBrmmlOm5GkSGBOG3hwNfIbj1QqFgb3ehjRjkC9gPmMIG0kzz5oC6T7UiS3afHmGLY1E1TBTMQ4eUi9smcXnJKTAc4Td0IKYIKqZ/+0uyGJBQ004UiplutEupMgqRnhNM23Y0UjRAaoR1uGBsgkdpLsKyk8MkoX+qE0L9AwU/9uJEgoNRTYTI5uVLPeSPzPa8Xav+gkLIhiTQMyDvJjDnUIR73ALpOUaD40BBHJzK2Q9JFERJv2plIwFqkpxZ2tYJ7UyyX3rHR6d1KoXE7qyYF9cAiKwAXnoAKuQRXUAAFP4AW8gjfr2Xq3PqzP8eiCNdnZA1Owvn4BryKhMw==</latexit>

O(N)⇥ Z2
<latexit sha1_base64="ick988muSkXB52mG5Ndv/htHC0Y=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoMgCGE3+LoIQS8eI5gHJEuYnZ1NhszMLjOzQggBf8Gr3r2JV3/Fq1/iJNmDSSxoKKq66e4KEs60cd1vJ7eyura+kd8sbG3v7O4V9w8aOk4VoXUS81i1AqwpZ5LWDTOcthJFsQg4bQaDu4nffKJKs1g+mmFCfYF7kkWMYGOlZohuUOXM6xZLbtmdAi0TLyMlyFDrFn86YUxSQaUhHGvd9tzE+COsDCOcjgudVNMEkwHu0balEguq/dH03DE6sUqIoljZkgZN1b8TIyy0HorAdgps+nrRm4j/ee3URNf+iMkkNVSS2aIo5cjEaPI7CpmixPChJZgoZm9FpI8VJsYmNLclCMTYhuItRrBMGpWyd1m+eDgvVW+zePJwBMdwCh5cQRXuoQZ1IDCAF3iFN+fZeXc+nM9Za87JZg5hDs7XL6vxlTc=</latexit>

d = 2 + 1

Main question: does a non-trivial unitary and local CFT at finite      exist, that features SSB?  

<latexit sha1_base64="nEeUxfHQUX89tV1Wqj7eWFZXRAA=">AAACAnicbVC7SgNBFL0bXzG+opY2i0GwCrviqwza2BnBPGCzhNnJJBkyj2VmVghLOn/BVns7sfVHbP0SZ5MtTOKBgcM593LPnChmVBvP+3YKK6tr6xvFzdLW9s7uXnn/oKllojBpYMmkakdIE0YFaRhqGGnHiiAeMdKKRreZ33oiSlMpHs04JiFHA0H7FCNjpaDDkRlixNL7Sbdc8areFO4y8XNSgRz1bvmn05M44UQYzJDWge/FJkyRMhQzMil1Ek1ihEdoQAJLBeJEh+k08sQ9sUrP7UtlnzDuVP27kSKu9ZhHdjKLqBe9TPzPCxLTvw5TKuLEEIFnh/oJc410s/+7PaoINmxsCcKK2qwuHiKFsLEtzV2JIp6V4i9WsEyaZ1X/snrxcF6p3eT1FOEIjuEUfLiCGtxBHRqAQcILvMKb8+y8Ox/O52y04OQ7hzAH5+sXI6GYbQ==</latexit>

O

<latexit sha1_base64="qvck1xlD3NL+GLldz9XPIUDFYDo="></latexit>

hOi� =
bO
��O

• If             , the vev is non-vanishing at all temperatures
<latexit sha1_base64="6gB0Gnaxf3vny+44OW/L+qGJYyQ=">AAACDXicbVC7TsMwFHV4lvIKj43FokJiqhLEa6xgYaNI9CE1UeW4TmvVdoLtIJUo38AvsMLOhlj5Bla+BKfNQFuOdKWjc+7VPTpBzKjSjvNtLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4nfutRyIVjcS9HsXE56gvaEgx0kbq2vtB1+NIDzBi6W0GPUEeoNO1K07VGQPOE7cgFVCg3rV/vF6EE06Exgwp1XGdWPspkppiRrKylygSIzxEfdIxVCBOlJ+O02fwyCg9GEbSjNBwrP69SBFXasQDs5knVbNeLv7ndRIdXvopFXGiicCTR2HCoI5gXgXsUUmwZiNDEJbUZIV4gCTC2hQ29SUIeGZKcWcrmCfNk6p7Xj27O63Urop6SuAAHIJj4IILUAM3oA4aAIMn8AJewZv1bL1bH9bnZHXBKm72wBSsr1+Rc5vJ</latexit>

bO 6= 0

<latexit sha1_base64="8SjpQbVfgGmncwD3OkBPSLkn2bo=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGr5JoYwkJIAlcyN4yBxt27y67eyZI+AW22tsZW/+Nrb/EBa4Q8CWTvLw3k5l5QSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVK6AaBY+wYbgR2EoUUhkIfAyG91P/8QmV5nFUN6MEfUn7EQ85o8ZKtXq3WHLL7gxklXgZKUGGarf40+nFLJUYGSao1m3PTYw/pspwJnBS6KQaE8qGtI9tSyMqUfvj2aETcmaVHgljZSsyZKb+nRhTqfVIBrZTUjPQy95U/M9rpya89cc8SlKDEZsvClNBTEymX5MeV8iMGFlCmeL2VsIGVFFmbDYLW4JATmwo3nIEq6R5Ufauy1e1y1LlLosnDydwCufgwQ1U4AGq0AAGCC/wCm/Os/PufDif89ack80cwwKcr18KhpPg</latexit>

T

L. Iliesiu et al., JHEP 2018.10: 1-71 (2018)

N. Chai et al.,  Phys. Rev. Lett. 125, 131603 (2020)



                    symmetric theory with           vector     and Ising field  
<latexit sha1_base64="IsTBUoTAlU/6xjRP3ici8JFAx4c=">AAACGnicbVC7TsMwFHV4lvIKMLIYKqSyVEnFa6xgYYIi0Ydoq8h2ndaqnUS2g1RFmfkJfoEVdjbEysLKl+CmHWjLkSwdnXOvzvXBEWdKO863tbC4tLyymlvLr29sbm3bO7t1FcaS0BoJeSibGCnKWUBrmmlOm5GkSGBOG3hwNfIbj1QqFgb3ehjRjkC9gPmMIG0kzz5oC6T7UiS3afHmGLY1E1TBTMQ4eUi9smcXnJKTAc4Td0IKYIKqZ/+0uyGJBQ004UiplutEupMgqRnhNM23Y0UjRAaoR1uGBsgkdpLsKyk8MkoX+qE0L9AwU/9uJEgoNRTYTI5uVLPeSPzPa8Xav+gkLIhiTQMyDvJjDnUIR73ALpOUaD40BBHJzK2Q9JFERJv2plIwFqkpxZ2tYJ7UyyX3rHR6d1KoXE7qyYF9cAiKwAXnoAKuQRXUAAFP4AW8gjfr2Xq3PqzP8eiCNdnZA1Owvn4BryKhMw==</latexit>

O(N)⇥ Z2

<latexit sha1_base64="tnUGfHqBtb0seAZo8fpxNJu3350="></latexit>
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<latexit sha1_base64="4kmyr/zMM3MbNMYvi5iESMiRuRg=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GITdgVX2XQxkojmAckS5idzCZDZnbXmVkhLNv6C7ba24mt/2HrlzibpDCJBy4czrmXezhexJnStv1t5ZaWV1bX8uuFjc2t7Z3i7l5DhbEktE5CHsqWhxXlLKB1zTSnrUhSLDxOm97wOvObT1QqFgYPehRRV+B+wHxGsDaS2xFYD6RI7tLy7XG3WLIr9hhokThTUoIpat3iT6cXkljQQBOOlWo7dqTdBEvNCKdpoRMrGmEyxH3aNjTAgio3GYdO0ZFResgPpZlAo7H69yLBQqmR8MxmFlLNe5n4n9eOtX/pJiyIYk0DMnnkxxzpEGUNoB6TlGg+MgQTyUxWRAZYYqJNTzNfPE+kphRnvoJF0jipOOeVs/vTUvVqWk8eDuAQyuDABVThBmpQBwKP8AKv8GY9W+/Wh/U5Wc1Z05t9mIH19QvyP5jP</latexit>

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

�
<latexit sha1_base64="RgjM7QFkWQGkqZ1KnDraTk4k/g4=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUAbymQ6aYfOTMLMRCghv+BW9+7ErR/j1i9x0mZhWw9cOJxzL/feE8ScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJve533mmSrNIPplpTH2BR5KFjGCTS30yZoNqza27M6BV4hWkBgWag+pPfxiRRFBpCMda9zw3Nn6KlWGE06zSTzSNMZngEe1ZKrGg2k9nt2bozCpDFEbKljRopv6dSLHQeioC2ymwGetlLxf/83qJCW/9lMk4MVSS+aIw4chEKH8cDZmixPCpJZgoZm9FZIwVJsbGs7AlCERmQ/GWI1gl7Yu6d12/erysNe6KeMpwAqdwDh7cQAMeoAktIDCGF3iFNydz3p0P53PeWnKKmWNYgPP1C254lTo=</latexit>�

Evidence for persistent SSB of                                       collected 
<latexit sha1_base64="gJRXmGu75xkbZJAKes2L6PXdQWo=">AAACLHicbVDLTgIxFO3gC/E16tJNIzHBDZnB55LoxpViImAEMmlLBxramUnbMSGT+RB/wl9wq3s3xrhx4XfYARYCnuQmJ+fem3vuwRFnSjvOh5VbWFxaXsmvFtbWNza37O2dhgpjSWidhDyU9xgpyllA65ppTu8jSZHAnDbx4DLrNx+pVCwM7vQwoh2BegHzGUHaSJ591BZI96VIbtLS9SFsayaogiMR4+Qh9SpGC+HUlGcXnbIzApwn7oQUwQQ1z/5ud0MSCxpowpFSLdeJdCdBUjPCaVpox4pGiAxQj7YMDZDx0ElGz6XwwChd6IfSVKDhSP27kSCh1FBgM5mZVLO9TPyv14q1f95JWBDFmgZkfMiPOTTvZknBLpOUaD40BBHJjFdI+kgiok2eU1cwFqkJxZ2NYJ40KmX3tHxye1ysXkziyYM9sA9KwAVnoAquQA3UAQFP4AW8gjfr2Xq3Pq2v8WjOmuzsgilYP79Pb6gx</latexit>

O(N)⇥ Z2 ! O(N)

• in                  , i.e. unitarity is violated for
<latexit sha1_base64="M2N+UQPXMbIMqrupzenyf6xwiEA=">AAACCXicbVDLSsNAFJ34rPUVdelmsAhuLInUx0YounFZwT6gDWUyuWmHziRhZlIopV/gL7jVvTtx61e49UuctFnY1gMXDufcy7kcP+FMacf5tlZW19Y3Ngtbxe2d3b19++CwoeJUUqjTmMey5RMFnEVQ10xzaCUSiPA5NP3BfeY3hyAVi6MnPUrAE6QXsZBRoo3Ute0A3+IKPscdSBTjmVRyys4UeJm4OSmhHLWu/dMJYpoKiDTlRKm26yTaGxOpGeUwKXZSBQmhA9KDtqEREaC88fTzCT41SoDDWJqJNJ6qfy/GRCg1Er7ZFET31aKXif957VSHN96YRUmqIaKzoDDlWMc4qwEHTALVfGQIoZKZXzHtE0moNmXNpfi+mJhS3MUKlknjouxelS8fK6XqXV5PAR2jE3SGXHSNqugB1VAdUTREL+gVvVnP1rv1YX3OVles/OYIzcH6+gXt5Zkr</latexit>

d = 4� ✏

• in                   for the non-local (or long-range) model or infinite
<latexit sha1_base64="ick988muSkXB52mG5Ndv/htHC0Y=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoMgCGE3+LoIQS8eI5gHJEuYnZ1NhszMLjOzQggBf8Gr3r2JV3/Fq1/iJNmDSSxoKKq66e4KEs60cd1vJ7eyura+kd8sbG3v7O4V9w8aOk4VoXUS81i1AqwpZ5LWDTOcthJFsQg4bQaDu4nffKJKs1g+mmFCfYF7kkWMYGOlZohuUOXM6xZLbtmdAi0TLyMlyFDrFn86YUxSQaUhHGvd9tzE+COsDCOcjgudVNMEkwHu0balEguq/dH03DE6sUqIoljZkgZN1b8TIyy0HorAdgps+nrRm4j/ee3URNf+iMkkNVSS2aIo5cjEaPI7CpmixPChJZgoZm9FpI8VJsYmNLclCMTYhuItRrBMGpWyd1m+eDgvVW+zePJwBMdwCh5cQRXuoQZ1IDCAF3iFN+fZeXc+nM9Za87JZg5hDs7XL6vxlTc=</latexit>

d = 2 + 1

Here, we show by using functional RG in                 , that

<latexit sha1_base64="GuXp/nbXC5suCk8qRqqtUtwwf3w=">AAACA3icbVC7SgNBFJ2NrxhfUUubwSBYhV3xVUnQxjKCeUB2CbOT2WTIvJiZFcKS0l+w1d5ObP0QW7/ESbKFSTxw4XDOvZzLiRWjxvr+t1dYWV1b3yhulra2d3b3yvsHTSNTjUkDSyZ1O0aGMCpIw1LLSFtpgnjMSCse3k381hPRhkrxaEeKRBz1BU0oRtZJYUiUoUwKeAP9brniV/0p4DIJclIBOerd8k/YkzjlRFjMkDGdwFc2ypC2FDMyLoWpIQrhIeqTjqMCcWKibPrzGJ44pQcTqd0IC6fq34sMcWNGPHabHNmBWfQm4n9eJ7XJdZRRoVJLBJ4FJSmDVsJJAbBHNcGWjRxBWFP3K8QDpBG2rqa5lDjmY1dKsFjBMmmeVYPL6sXDeaV2m9dTBEfgGJyCAFyBGrgHddAAGCjwAl7Bm/fsvXsf3udsteDlN4dgDt7XL41Nl/4=</latexit>

✏ > 0

• the theory has a UV completion at the biconical fixed-point 

<latexit sha1_base64="ick988muSkXB52mG5Ndv/htHC0Y=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoMgCGE3+LoIQS8eI5gHJEuYnZ1NhszMLjOzQggBf8Gr3r2JV3/Fq1/iJNmDSSxoKKq66e4KEs60cd1vJ7eyura+kd8sbG3v7O4V9w8aOk4VoXUS81i1AqwpZ5LWDTOcthJFsQg4bQaDu4nffKJKs1g+mmFCfYF7kkWMYGOlZohuUOXM6xZLbtmdAi0TLyMlyFDrFn86YUxSQaUhHGvd9tzE+COsDCOcjgudVNMEkwHu0balEguq/dH03DE6sUqIoljZkgZN1b8TIyy0HorAdgps+nrRm4j/ee3URNf+iMkkNVSS2aIo5cjEaPI7CpmixPChJZgoZm9FpI8VJsYmNLclCMTYhuItRrBMGpWyd1m+eDgvVW+zePJwBMdwCh5cQRXuoQZ1IDCAF3iFN+fZeXc+nM9Za87JZg5hDs7XL6vxlTc=</latexit>

d = 2 + 1

• SSB of       persist to all temperatures if      is sufficiently large
<latexit sha1_base64="eavAS/L2JIUO+B/DPpyoXCG7N00=">AAAB+HicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQiydJwDwgWcLspDcZMjO7zMwKMeQLvOrdm3j1b7z6JU6SPZhoQUNR1U13V5hwpo3nfTm5ldW19Y38ZmFre2d3r7h/0NBxqijWacxj1QqJRs4k1g0zHFuJQiJCjs1weDv1m4+oNIvlgxklGAjSlyxilBgr1e67xZJX9mZw/xI/IyXIUO0Wvzu9mKYCpaGcaN32vcQEY6IMoxwnhU6qMSF0SPrYtlQSgToYzw6duCdW6blRrGxJ487U3xNjIrQeidB2CmIGetmbiv957dRE18GYySQ1KOl8UZRy18Tu9Gu3xxRSw0eWEKqYvdWlA6IINTabhS1hKCY2FH85gr+kcVb2L8sXtfNS5SaLJw9HcAyn4MMVVOAOqlAHCgjP8AKvzpPz5rw7H/PWnJPNHMICnM8fAQ6T2g==</latexit>

N

• Mermin-Wagner theorem is fulfilled wherever applicable

<latexit sha1_base64="hoCMdvEnKAyk2NHkmr+SLN4Yk2k=">AAACA3icbVC7TsMwFHV4lvIqMLJYVEhMVVLxGitYGItEH6KJKtt1Wqu2E9kOUhVl5BdYYWdDrHwIK1+C02agLUe60tE59+oeHRxzpo3rfjsrq2vrG5ulrfL2zu7efuXgsK2jRBHaIhGPVBcjTTmTtGWY4bQbK4oE5rSDx7e533miSrNIPphJTAOBhpKFjCBjJd8XyIwwTh+zfr1fqbo1dwq4TLyCVEGBZr/y4w8ikggqDeFI657nxiZIkTKMcJqV/UTTGJExGtKepRIJqoN0mjmDp1YZwDBSdqSBU/XvRYqE1hOB7WaeUS96ufif10tMeB2kTMaJoZLMHoUJhyaCeQFwwBQlhk8sQUQxmxWSEVKIGFvT3BeMRWZL8RYrWCbtes27rF3cn1cbN0U9JXAMTsAZ8MAVaIA70AQtQEAMXsAreHOenXfnw/mcra44xc0RmIPz9QuY/Jin</latexit>Z2

N. Chai et al.,  Phys. Rev. Lett. 125, 131603 (2020)
N. Chai et al., Phys. Rev. D 102, 065014 (2020)
Chaudhuri et al., JHEP 2021.8: 1-38  (2021)

<latexit sha1_base64="4XW8rl1PN/KDesZBpatMGx2PWIs=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLsbCcZMjO7zMwKYckXCJ70T7yJV//BH/HsbLIHEy1oKKq66e4KYs60cd0vp7Cyura+UdwsbW3v7O6V9w9aOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYxvM7/9CEqzSD6YSQy+IEPJBowSY6XGfb9ccavuDPgv8XJSQTnq/fJ3L4xoIkAayonWXc+NjZ8SZRjlMC31Eg0xoWMyhK6lkgjQfjo7dIpPrBLiQaRsSYNn6u+JlAitJyKwnYKYkV72MvE/r5uYwbWfMhknBiSdLxokHJsIZ1/jkCmghk8sIVQxeyumI6IINTabhS1BIBaeSEOd3Tq1QXnLsfwlrbOqd1m9aJxXajd5ZEV0hI7RKfLQFaqhO1RHTUQRoCf0gl6dZ+fNeXc+5q0FJ585RAtwPn8AnvGcVw==</latexit>

N

Towards a theory with persistent SSB



LPA of O(N) model
<latexit sha1_base64="UVz4N6jKC5WHLBxtV1Wi1ZcXy48=">AAACBXicbVC7TgJBFJ3FF+ILtbSZSEyscJf4akyINpaYiJDAQu4OszBhZnYzM0tCCLW/YKu9nbH1O2z9EgfYQsCT3OTknHtzbk4Qc6aN6347mZXVtfWN7GZua3tndy+/f/Cko0QRWiURj1Q9AE05k7RqmOG0HisKIuC0FvTvJn5tQJVmkXw0w5j6ArqShYyAsVKr2Yc4BnyDB63SWamdL7hFdwq8TLyUFFCKSjv/0+xEJBFUGsJB64bnxsYfgTKMcDrONRNNYyB96NKGpRIE1f5o+vUYn1ilg8NI2ZEGT9W/FyMQWg9FYDcFmJ5e9Cbif14jMeG1P2IyTgyVZBYUJhybCE8qwB2mKDF8aAkQxeyvmPRAATG2qLmUIBBjW4q3WMEyeSoVvcvixcN5oXyb1pNFR+gYnSIPXaEyukcVVEUEKfSCXtGb8+y8Ox/O52w146Q3h2gOztcvUJiYWw==</latexit>

 = v2/2

<latexit sha1_base64="hHcNlk7BuTX9NpSFoMWEZgxPnrg=">AAACDHicbVDLSsNAFJ3UV62vaJduBovgQkoivlZSdOOygn1AE8rNZNIOnTyYmQgh9Bf8Bbe6dydu/Qe3fonTNgvbeuDC4ZxzuZfjJZxJZVnfRmlldW19o7xZ2dre2d0z9w/aMk4FoS0S81h0PZCUs4i2FFOcdhNBIfQ47Xiju4nfeaJCsjh6VFlC3RAGEQsYAaWlvll1uA77cIqdESQJ4Bts9c2aVbemwMvELkgNFWj2zR/Hj0ka0kgRDlL2bCtRbg5CMcLpuOKkkiZARjCgPU0jCKl08+nzY3ysFR8HsdATKTxV/27kEEqZhZ5OhqCGctGbiP95vVQF127OoiRVNCKzQ0HKsYrxpAnsM0GJ4pkmQATTv2IyBAFE6b7mrnheONal2IsVLJP2Wd2+rF88nNcat0U9ZXSIjtAJstEVaqB71EQtRFCGXtArejOejXfjw/icRUtGsVNFczC+fgGCZ5qR</latexit>

�, > 0

<latexit sha1_base64="26gs4A1IvSUQrnPEzMcKt1aAqTs="></latexit>

Uk =
�

2

✓
�2

2
� 

◆2

<latexit sha1_base64="J/WkfI9pdQKdbbRpFV6lV25ztog=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgQkpSfK2k6MZlBfuANpbJZNIOnUnCzKRQSr/AX3Cre3fi1q9w65c4bbOwrQcuHM45l3s5fsKZ0o7zbeVWVtfWN/Kbha3tnd09e/+gruJUElojMY9l08eKchbRmmaa02YiKRY+pw2/fzfxGwMqFYujRz1MqCdwN2IhI1gbqWPbbW7CAT5D4qmMbpDTsYtOyZkCLRM3I0XIUO3YP+0gJqmgkSYcK9VynUR7Iyw1I5yOC+1U0QSTPu7SlqERFlR5o+nnY3RilACFsTQTaTRV/26MsFBqKHyTFFj31KI3Ef/zWqkOr70Ri5JU04jMDoUpRzpGkxpQwCQlmg8NwUQy8ysiPSwx0aasuSu+L8amFHexgmVSL5fcy9LFw3mxcpvVk4cjOIZTcOEKKnAPVagBgQG8wCu8Wc/Wu/Vhfc6iOSvbOYQ5WF+/wLOZBw==</latexit>

�,m2 > 0

<latexit sha1_base64="5eHAmMRqVONkIY13evDTEj8CxGY="></latexit>

Uk =
1

2
m2�2 +

�

8
(�2)2

Extended Local Potential Approximation (LPA’):
<latexit sha1_base64="7pBjb3fr53r4kiywraED+0+hrlY="></latexit>

�k[�] =

Z
ddx

✓
Zk

2
(@�)2 + Uk[�]

◆

ϕ1

ϕ2

U(ϕ)

ϕ1

ϕ2

U(ϕ)

Flow of dimensionless effective potential 
<latexit sha1_base64="PG9ik7je677vjg78540c+zJ0XAg=">AAACCHicbVDLSsNAFJ3UV62PRl26GSyCq5oUXxuh6MZlBfuAJpbJdNIMncmEmYlQQn/AX3Cre3fi1r9w65c4bbOwrQcuHM65l3M5QcKo0o7zbRVWVtfWN4qbpa3tnd2yvbffUiKVmDSxYEJ2AqQIozFpaqoZ6SSSIB4w0g6GtxO//USkoiJ+0KOE+BwNYhpSjLSRenbZk5GA19BLIvpYO6317IpTdaaAy8TNSQXkaPTsH68vcMpJrDFDSnVdJ9F+hqSmmJFxyUsVSRAeogHpGhojTpSfTR8fw2Oj9GEopJlYw6n69yJDXKkRD8wmRzpSi95E/M/rpjq88jMaJ6kmMZ4FhSmDWsBJC7BPJcGajQxBWFLzK8QRkghr09VcShDwsSnFXaxgmbRqVfeien5/Vqnf5PUUwSE4AifABZegDu5AAzQBBil4Aa/gzXq23q0P63O2WrDymwMwB+vrF49JmPk=</latexit>

⇢ = �2/2as a function of

<latexit sha1_base64="hWiwKlXJFadBwDTcmxYHss790r0=">AAACBXicbVDLSsNAFJ34rPVVdelmsAhuLIn42ghFNy4rmLbQpmUymbRDZiZhZiKUkLW/4Fb37sSt3+HWL3HaZmFbD1w4nHMv53L8hFGlbfvbWlpeWV1bL22UN7e2d3Yre/tNFacSExfHLJZtHynCqCCuppqRdiIJ4j4jLT+6G/utJyIVjcWjHiXE42ggaEgx0kbqpfAGRr3sNMih24/6lapdsyeAi8QpSBUUaPQrP90gxiknQmOGlOo4dqK9DElNMSN5uZsqkiAcoQHpGCoQJ8rLJl/n8NgoAQxjaUZoOFH/XmSIKzXivtnkSA/VvDcW//M6qQ6vvYyKJNVE4GlQmDKoYziuAAZUEqzZyBCEJTW/QjxEEmFtippJ8X2em1Kc+QoWSfOs5lzWLh7Oq/Xbop4SOARH4AQ44ArUwT1oABdgIMELeAVv1rP1bn1Yn9PVJau4OQAzsL5+AaHpmJE=</latexit>

u = k�dUk

<latexit sha1_base64="oVttDIz053GoJUKmS9Wv7Mhh/+g="></latexit>

@tu = �du+ (d� 2)⇢u0 +
4vd
d

sd0(⌧)
1

1 + u0 + 2⇢u00 +
4vd
d

sd0(⌧)
N � 1

1 + u0

and
<latexit sha1_base64="d7p5rXVZuAgEwiVqRTVZduAaVkA=">AAACCHicbVDJSgNBFOyJW4xLRj16aQyCpzgT3C5C0IvHCNkgM4SeTk/SpLtn6EUIQ37AX/Cqd2/i1b/w6pfYWQ4mseBBUfUe9agoZVRpz/t2cmvrG5tb+e3Czu7eftE9OGyqxEhMGjhhiWxHSBFGBWloqhlpp5IgHjHSiob3E7/1RKSiiajrUUpCjvqCxhQjbaWuWww0MvAWVoKUwvr5sOuWvLI3BVwl/pyUwBy1rvsT9BJsOBEaM6RUx/dSHWZIaooZGRcCo0iK8BD1ScdSgThRYTZ9fAxPrdKDcSLtCA2n6t+LDHGlRjyymxzpgVr2JuJ/Xsfo+CbMqEiNJgLPgmLDoE7gpAXYo5JgzUaWICyp/RXiAZIIa9vVQkoU8bEtxV+uYJU0K2X/qnz5eFGq3s3ryYNjcALOgA+uQRU8gBpoAAwMeAGv4M15dt6dD+dztppz5jdHYAHO1y9nhZjh</latexit>

⌧ = 2⇡T/k

Continuation to finite temperature
<latexit sha1_base64="IURGDNVe36z2nxKBg6y8odp4Pks="></latexit>

q0 ! i!n,

Z
dDq

(2⇡)D
! T

X

n2Z

Z
ddq

(2⇡)d

τ

1

1

<latexit sha1_base64="JBqHApCe3s8LaKEyN0upB/gi3wI="></latexit>

sd0(⌧)
<latexit sha1_base64="4gQs+6ysknXSPnCxX3YA1BWRYh8=">AAAB/HicbVA9SwNBEJ3zM8avqKXNYhCswp3fjRC0sYzgJYHkCHt7e8mS3b1jd08IIf4FW+3txNb/YusvcZNcYRIfDDzem2FmXphypo3rfjtLyyura+uFjeLm1vbObmlvv66TTBHqk4QnqhliTTmT1DfMcNpMFcUi5LQR9u/GfuOJKs0S+WgGKQ0E7koWM4KNlfwI3aCzTqnsVtwJ0CLxclKGHLVO6acdJSQTVBrCsdYtz01NMMTKMMLpqNjONE0x6eMubVkqsaA6GE6OHaFjq0QoTpQtadBE/TsxxELrgQhtp8Cmp+e9sfif18pMfB0MmUwzQyWZLoozjkyCxp+jiClKDB9Ygoli9lZEelhhYmw+M1vCUIxsKN58BIukflrxLisXD+fl6m0eTwEO4QhOwIMrqMI91MAHAgxe4BXenGfn3flwPqetS04+cwAzcL5+Ac/7lMg=</latexit>

d = 3



LPA of O(N) model
Extended Local Potential Approximation (LPA’):

<latexit sha1_base64="7pBjb3fr53r4kiywraED+0+hrlY="></latexit>

�k[�] =

Z
ddx

✓
Zk

2
(@�)2 + Uk[�]

◆

ϕ1

ϕ2

U(ϕ)

ϕ1

ϕ2

U(ϕ)

Assume             at small scales            

not possible to maintain                  if            and 

<latexit sha1_base64="gqqh7NcCuURsf1336+L+bZ4xFkE=">AAACAXicbVC7SgNBFL3rM8ZX1NJmMAhWYVd8VRK0sYxgHpgsYXYymwyZmR1mZoWwpPIXbLW3E1u/xNYvcfIoTOKBC4dz7uXeeyLFmbG+/+0tLa+srq3nNvKbW9s7u4W9/ZpJUk1olSQ80Y0IG8qZpFXLLKcNpSkWEaf1qH878utPVBuWyAc7UDQUuCtZzAi2Tnps9bFSGF0jv10o+iV/DLRIgikpwhSVduGn1UlIKqi0hGNjmoGvbJhhbRnhdJhvpYYqTPq4S5uOSiyoCbPxxUN07JQOihPtSlo0Vv9OZFgYMxCR6xTY9sy8NxL/85qpja/CjEmVWirJZFGccmQTNHofdZimxPKBI5ho5m5FpIc1JtaFNLMlisTQhRLMR7BIaqel4KJ0fn9WLN9M48nBIRzBCQRwCWW4gwpUgYCEF3iFN+/Ze/c+vM9J65I3nTmAGXhfv8P0lv0=</latexit>

 > 0
<latexit sha1_base64="OajBfuNbo5/XocDIcs+NMT0wZv0=">AAACAnicbVC7SgNBFL0bXzG+opY2g0GwCrvBV2ERtLGMkBdsljA7mSRDZmeWmVkhLOn8BVvt7cTWH7H1S5wkW5jEAxcO59zLvfeEMWfauO63k1tb39jcym8Xdnb39g+Kh0dNLRNFaINILlU7xJpyJmjDMMNpO1YURyGnrXB0P/VbT1RpJkXdjGMaRHggWJ8RbKzkj9AtqqBOzFC9Wyy5ZXcGtEq8jJQgQ61b/On0JEkiKgzhWGvfc2MTpFgZRjidFDqJpjEmIzygvqUCR1QH6ezkCTqzSg/1pbIlDJqpfydSHGk9jkLbGWEz1MveVPzP8xPTvwlSJuLEUEHmi/oJR0ai6f+oxxQlho8twUQxeysiQ6wwMTalhS1hGE1sKN5yBKukWSl7V+XLx4tS9S6LJw8ncArn4ME1VOEBatAAAhJe4BXenGfn3flwPuetOSebOYYFOF+/kleW0g==</latexit>

k < 2⇡T

<latexit sha1_base64="1EK/39Ly1y2xdw1oA3bkDMV0Fd0=">AAACAHicbVC5TgMxEPWGK4QrQEljESFRRbvcZQQNZZDIgZJV5PXOJlZs72J7kaJVGn6BFno6RMuf0PIlOEdBEp400tN7M5qZFyScaeO6305uaXlldS2/XtjY3NreKe7u1XWcKgo1GvNYNQOigTMJNcMMh2aigIiAQyPo34z8xhMozWJ5bwYJ+IJ0JYsYJcZKDyFuc3jEp7hTLLlldwy8SLwpKaEpqp3iTzuMaSpAGsqJ1i3PTYyfEWUY5TAstFMNCaF90oWWpZII0H42PniIj6wS4ihWtqTBY/XvREaE1gMR2E5BTE/PeyPxP6+VmujKz5hMUgOSThZFKccmxqPvccgUUMMHlhCqmL0V0x5RhBqb0cyWIBBDG4o3H8EiqZ+UvYvy+d1ZqXI9jSePDtAhOkYeukQVdIuqqIYoEugFvaI359l5dz6cz0lrzpnO7KMZOF+/zMyWcQ==</latexit>

d  3
<latexit sha1_base64="FgNshcm+zeK9Q2qlYjFk8125CGE=">AAAB/HicbVA9SwNBEJ3zM8avqKXNYhCswp34VUnQxkoieEkgOcLeZi9Zsrt37O4J4Yh/wVZ7O7H1v9j6S9wkV5jEBwOP92aYmRcmnGnjut/O0vLK6tp6YaO4ubW9s1va26/rOFWE+iTmsWqGWFPOJPUNM5w2E0WxCDlthIPbsd94okqzWD6aYUIDgXuSRYxgYyX/Hl0jr1MquxV3ArRIvJyUIUetU/ppd2OSCioN4VjrlucmJsiwMoxwOiq2U00TTAa4R1uWSiyoDrLJsSN0bJUuimJlSxo0Uf9OZFhoPRSh7RTY9PW8Nxb/81qpia6CjMkkNVSS6aIo5cjEaPw56jJFieFDSzBRzN6KSB8rTIzNZ2ZLGIqRDcWbj2CR1E8r3kXl/OGsXL3J4ynAIRzBCXhwCVW4gxr4QIDBC7zCm/PsvDsfzue0dcnJZw5gBs7XL6tZlLE=</latexit>

N > 1
<latexit sha1_base64="BSG/9VL9vCEGGCeSoQ/01DeIHik=">AAACEXicbVDLSsNAFJ3UV62vqBvBzWARXJVEfK2k6MZlBfuAJoTJdNIOnZmEmYlQQvwJf8Gt7t2JW7/ArV/itM3Cth64cDjnXu69J0wYVdpxvq3S0vLK6lp5vbKxubW9Y+/utVScSkyaOGax7IRIEUYFaWqqGekkkiAeMtIOh7djv/1IpKKxeNCjhPgc9QWNKEbaSIF94DHKg2wIPR1DJ/eGKEkQvIZOYFedmjMBXCRuQaqgQCOwf7xejFNOhMYMKdV1nUT7GZKaYkbyipcqkiA8RH3SNVQgTpSfTT7I4bFRejCKpSmh4UT9O5EhrtSIh6aTIz1Q895Y/M/rpjq68jMqklQTgaeLopRB8+04DtijkmDNRoYgLKm5FeIBkghrE9rMljDkuQnFnY9gkbROa+5F7fz+rFq/KeIpg0NwBE6ACy5BHdyBBmgCDJ7AC3gFb9az9W59WJ/T1pJVzOyDGVhfv5dXnMk=</latexit>

lim
k!0

 > 0

<latexit sha1_base64="3QuY9dafKBJpQaXcrpasutjKxWI="></latexit>

k@k =
4vd�1

d� 1
T (N � 1)kd�3 +O(kd+1)

τ

1

1

<latexit sha1_base64="JBqHApCe3s8LaKEyN0upB/gi3wI="></latexit>

sd0(⌧)
<latexit sha1_base64="4gQs+6ysknXSPnCxX3YA1BWRYh8=">AAAB/HicbVA9SwNBEJ3zM8avqKXNYhCswp3fjRC0sYzgJYHkCHt7e8mS3b1jd08IIf4FW+3txNb/YusvcZNcYRIfDDzem2FmXphypo3rfjtLyyura+uFjeLm1vbObmlvv66TTBHqk4QnqhliTTmT1DfMcNpMFcUi5LQR9u/GfuOJKs0S+WgGKQ0E7koWM4KNlfwI3aCzTqnsVtwJ0CLxclKGHLVO6acdJSQTVBrCsdYtz01NMMTKMMLpqNjONE0x6eMubVkqsaA6GE6OHaFjq0QoTpQtadBE/TsxxELrgQhtp8Cmp+e9sfif18pMfB0MmUwzQyWZLoozjkyCxp+jiClKDB9Ygoli9lZEelhhYmw+M1vCUIxsKN58BIukflrxLisXD+fl6m0eTwEO4QhOwIMrqMI91MAHAgxe4BXenGfn3flwPqetS04+cwAzcL5+Ac/7lMg=</latexit>

d = 3

<latexit sha1_base64="7hM/e1WBytWeX0FjJ1jFeh9lP1Q=">AAACE3icbVDLSsNAFL2pr1pfVZduBosgCCURXwhC0Y3LCvYBbSiTyaQdOpmEmYlQQn9CcKV/4k7c+gH+iGsnbRa29cCFwzn3cu89XsyZ0rb9bRWWlldW14rrpY3Nre2d8u5eU0WJJLRBIh7JtocV5UzQhmaa03YsKQ49Tlve8C7zW09UKhaJRz2KqRvivmABI1gbqe2jG+ScONe9csWu2hOgReLkpAI56r3yT9ePSBJSoQnHSnUcO9ZuiqVmhNNxqZsoGmMyxH3aMVTgkCo3ndw7RkdG8VEQSVNCo4n6dyLFoVKj0DOdIdYDNe9l4n9eJ9HBlZsyESeaCjJdFCQc6QhlzyOfSUo0HxmCiWTmVkQGWGKiTUQzWzwvnHki9VV269gE5czHskiap1Xnonr+cFap3eaRFeEADuEYHLiEGtxDHRpAgMMzvMKb9WK9Wx/W57S1YOUz+zAD6+sX5ded9w==</latexit>

d = 1 + 1 :
<latexit sha1_base64="aNJGGr6O0GEItizH3Egzv7tBDBc=">AAACE3icbVDLSsNAFL3xWeur6tLNYBEEoSTFF4JQdOOygn1AG8pkMmmHziRhZiKU0J8QXOmfuBO3foA/4tpJm4VtPXDhcM693HuPF3OmtG1/W0vLK6tr64WN4ubW9s5uaW+/qaJEEtogEY9k28OKchbShmaa03YsKRYepy1veJf5rScqFYvCRz2KqStwP2QBI1gbqe2jG1Q9da57pbJdsSdAi8TJSRly1Huln64fkUTQUBOOleo4dqzdFEvNCKfjYjdRNMZkiPu0Y2iIBVVuOrl3jI6N4qMgkqZCjSbq34kUC6VGwjOdAuuBmvcy8T+vk+jgyk1ZGCeahmS6KEg40hHKnkc+k5RoPjIEE8nMrYgMsMREm4hmtniemHki9VV269gE5czHskia1YpzUTl/OCvXbvPICnAIR3ACDlxCDe6hDg0gwOEZXuHNerHerQ/rc9q6ZOUzBzAD6+sX54Kd+A==</latexit>

d = 2 + 1 :

<latexit sha1_base64="9oyUQl9xqJIGWUkH5xhlQthOFIE=">AAACL3icbVDLSgNBEJz1GeMr6tHLkCDowbgrvo5BL54kQh5CNoTeySQOO7M7zMwKYcndrxE86Z+IF/HqD3h2NsnBRBsaiqpuqrsCyZk2rvvuzM0vLC4t51byq2vrG5uFre2GjhNFaJ3EPFZ3AWjKWUTrhhlO76SiIAJOm0F4lenNB6o0i6OaGUjaFtCPWI8RMJbqFIq+BGUY8E6I/RCkBOxrJnAN798cegf4CIedQsktu6PCf4E3ASU0qWqn8O13Y5IIGhnCQeuW50rTTjMfwukw7yeaSiAh9GnLwggE1e109MsQ71mmi3uxsh0ZPGJ/b6QgtB6IwE4KMPd6VsvI/7RWYnoX7ZRFMjE0ImOjXsKxiXEWDO4yRYnhAwuAKGZvxeQeFBBj45tyCQIx9UTa1dmtQxuUNxvLX9A4Lntn5dPbk1LlchJZDu2iItpHHjpHFXSNqqiOCHpET+gFvTrPzpvz4XyOR+ecyc4Omirn6wcUOqhQ</latexit>

@k ⇠ T (N � 1)/k
<latexit sha1_base64="zW4yPU54YJnbL2Aqtk8Fyts3vIY=">AAACMXicbVA9SwNBEN3zM8avqKXNYhS0MN4Fv8qgjZVESKKQi2FuszHL7d4tu3tCOPIH/DWClf6TdGJrb+1eksKoAwOP92Z4My+QnGnjukNnZnZufmExt5RfXlldWy9sbDZ0nChC6yTmsboLQFPOIlo3zHB6JxUFEXB6G4SXmX77SJVmcVQzfUlbAh4i1mUEjKXahV1fgjIMeDvEfghSAvY1E7iG968PvQN8hMP7crtQdEvuqPBf4E1AEU2q2i58+Z2YJIJGhnDQuum50rTSzIlwOsj7iaYSSAgPtGlhBILqVjr6ZoD3LNPB3VjZjgwesT83UhBa90VgJwWYnv6tZeR/WjMx3fNWyiKZGBqRsVE34djEOIsGd5iixPC+BUAUs7di0gMFxNgAp1yCQEw9kXZ0duvABuX9juUvaJRL3mnp5Oa4WLmYRJZD22gH7SMPnaEKukJVVEcEPaFn9IrenBdn6Lw7H+PRGWeys4Wmyvn8BmOTqPQ=</latexit>

@k ⇠ T (N � 1)/k2

<latexit sha1_base64="UVz4N6jKC5WHLBxtV1Wi1ZcXy48=">AAACBXicbVC7TgJBFJ3FF+ILtbSZSEyscJf4akyINpaYiJDAQu4OszBhZnYzM0tCCLW/YKu9nbH1O2z9EgfYQsCT3OTknHtzbk4Qc6aN6347mZXVtfWN7GZua3tndy+/f/Cko0QRWiURj1Q9AE05k7RqmOG0HisKIuC0FvTvJn5tQJVmkXw0w5j6ArqShYyAsVKr2Yc4BnyDB63SWamdL7hFdwq8TLyUFFCKSjv/0+xEJBFUGsJB64bnxsYfgTKMcDrONRNNYyB96NKGpRIE1f5o+vUYn1ilg8NI2ZEGT9W/FyMQWg9FYDcFmJ5e9Cbif14jMeG1P2IyTgyVZBYUJhybCE8qwB2mKDF8aAkQxeyvmPRAATG2qLmUIBBjW4q3WMEyeSoVvcvixcN5oXyb1pNFR+gYnSIPXaEyukcVVEUEKfSCXtGb8+y8Ox/O52w146Q3h2gOztcvUJiYWw==</latexit>

 = v2/2

<latexit sha1_base64="hHcNlk7BuTX9NpSFoMWEZgxPnrg=">AAACDHicbVDLSsNAFJ3UV62vaJduBovgQkoivlZSdOOygn1AE8rNZNIOnTyYmQgh9Bf8Bbe6dydu/Qe3fonTNgvbeuDC4ZxzuZfjJZxJZVnfRmlldW19o7xZ2dre2d0z9w/aMk4FoS0S81h0PZCUs4i2FFOcdhNBIfQ47Xiju4nfeaJCsjh6VFlC3RAGEQsYAaWlvll1uA77cIqdESQJ4Bts9c2aVbemwMvELkgNFWj2zR/Hj0ka0kgRDlL2bCtRbg5CMcLpuOKkkiZARjCgPU0jCKl08+nzY3ysFR8HsdATKTxV/27kEEqZhZ5OhqCGctGbiP95vVQF127OoiRVNCKzQ0HKsYrxpAnsM0GJ4pkmQATTv2IyBAFE6b7mrnheONal2IsVLJP2Wd2+rF88nNcat0U9ZXSIjtAJstEVaqB71EQtRFCGXtArejOejXfjw/icRUtGsVNFczC+fgGCZ5qR</latexit>

�, > 0

<latexit sha1_base64="26gs4A1IvSUQrnPEzMcKt1aAqTs="></latexit>

Uk =
�

2

✓
�2

2
� 

◆2

<latexit sha1_base64="J/WkfI9pdQKdbbRpFV6lV25ztog=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgQkpSfK2k6MZlBfuANpbJZNIOnUnCzKRQSr/AX3Cre3fi1q9w65c4bbOwrQcuHM45l3s5fsKZ0o7zbeVWVtfWN/Kbha3tnd09e/+gruJUElojMY9l08eKchbRmmaa02YiKRY+pw2/fzfxGwMqFYujRz1MqCdwN2IhI1gbqWPbbW7CAT5D4qmMbpDTsYtOyZkCLRM3I0XIUO3YP+0gJqmgkSYcK9VynUR7Iyw1I5yOC+1U0QSTPu7SlqERFlR5o+nnY3RilACFsTQTaTRV/26MsFBqKHyTFFj31KI3Ef/zWqkOr70Ri5JU04jMDoUpRzpGkxpQwCQlmg8NwUQy8ysiPSwx0aasuSu+L8amFHexgmVSL5fcy9LFw3mxcpvVk4cjOIZTcOEKKnAPVagBgQG8wCu8Wc/Wu/Vhfc6iOSvbOYQ5WF+/wLOZBw==</latexit>

�,m2 > 0

<latexit sha1_base64="5eHAmMRqVONkIY13evDTEj8CxGY="></latexit>

Uk =
1

2
m2�2 +

�

8
(�2)2



LPA of O(N) model
Extended Local Potential Approximation (LPA’):

<latexit sha1_base64="7pBjb3fr53r4kiywraED+0+hrlY="></latexit>

�k[�] =

Z
ddx

✓
Zk

2
(@�)2 + Uk[�]

◆

ϕ1

ϕ2

U(ϕ)

ϕ1

ϕ2

U(ϕ)

Assume               at some RG scale            
<latexit sha1_base64="Be44fmag8TEGRMhBjrCWOAEmWKc=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKewGXycJevEYwTwgWcPsZDYZMjO7zMwKYQn4C1717k28+ite/RInyR5MYkFDUdVNd1cQc6aN6347uZXVtfWN/GZha3tnd6+4f9DQUaIIrZOIR6oVYE05k7RumOG0FSuKRcBpMxjeTvzmE1WaRfLBjGLqC9yXLGQEGys1xWMFXSO3Wyy5ZXcKtEy8jJQgQ61b/On0IpIIKg3hWOu258bGT7EyjHA6LnQSTWNMhrhP25ZKLKj20+m5Y3RilR4KI2VLGjRV/06kWGg9EoHtFNgM9KI3Ef/z2okJr/yUyTgxVJLZojDhyERo8jvqMUWJ4SNLMFHM3orIACtMjE1obksQiLENxVuMYJk0KmXvonx+f1aq3mTx5OEIjuEUPLiEKtxBDepAYAgv8ApvzrPz7nw4n7PWnJPNHMIcnK9fC/2Vcw==</latexit>

m2 > 0
<latexit sha1_base64="lKZZHfYhrfp5W2L09ImIib4EElU=">AAAB/HicbVA9SwNBEJ2LXzF+RS1tFoNgFe7Er0qCNpYRvCSQHGFvs5cs2d07dveEcMS/YKu9ndj6X2z9JW6SK0zig4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3Dxo6ThWhPol5rFoh1pQzSX3DDKetRFEsQk6b4fBu4jefqNIslo9mlNBA4L5kESPYWMkfohvkdssVt+pOgZaJl5MK5Kh3yz+dXkxSQaUhHGvd9tzEBBlWhhFOx6VOqmmCyRD3adtSiQXVQTY9doxOrNJDUaxsSYOm6t+JDAutRyK0nQKbgV70JuJ/Xjs10XWQMZmkhkoyWxSlHJkYTT5HPaYoMXxkCSaK2VsRGWCFibH5zG0JQzG2oXiLESyTxlnVu6xePJxXard5PEU4gmM4BQ+uoAb3UAcfCDB4gVd4c56dd+fD+Zy1Fpx85hDm4Hz9Atf9lM0=</latexit>

k > 0

<latexit sha1_base64="O794/DesuVT2Tnlp/ZhVUUIf6+Y="></latexit>

k@km
2 = �4vd

d
sd0(⌧)(N + 2)

�

(k2 +m2)2
< 0

Restored symmetry can not be broken again
τ

1

1

<latexit sha1_base64="JBqHApCe3s8LaKEyN0upB/gi3wI="></latexit>

sd0(⌧)
<latexit sha1_base64="4gQs+6ysknXSPnCxX3YA1BWRYh8=">AAAB/HicbVA9SwNBEJ3zM8avqKXNYhCswp3fjRC0sYzgJYHkCHt7e8mS3b1jd08IIf4FW+3txNb/YusvcZNcYRIfDDzem2FmXphypo3rfjtLyyura+uFjeLm1vbObmlvv66TTBHqk4QnqhliTTmT1DfMcNpMFcUi5LQR9u/GfuOJKs0S+WgGKQ0E7koWM4KNlfwI3aCzTqnsVtwJ0CLxclKGHLVO6acdJSQTVBrCsdYtz01NMMTKMMLpqNjONE0x6eMubVkqsaA6GE6OHaFjq0QoTpQtadBE/TsxxELrgQhtp8Cmp+e9sfif18pMfB0MmUwzQyWZLoozjkyCxp+jiClKDB9Ygoli9lZEelhhYmw+M1vCUIxsKN58BIukflrxLisXD+fl6m0eTwEO4QhOwIMrqMI91MAHAgxe4BXenGfn3flwPqetS04+cwAzcL5+Ac/7lMg=</latexit>

d = 3

<latexit sha1_base64="UVz4N6jKC5WHLBxtV1Wi1ZcXy48=">AAACBXicbVC7TgJBFJ3FF+ILtbSZSEyscJf4akyINpaYiJDAQu4OszBhZnYzM0tCCLW/YKu9nbH1O2z9EgfYQsCT3OTknHtzbk4Qc6aN6347mZXVtfWN7GZua3tndy+/f/Cko0QRWiURj1Q9AE05k7RqmOG0HisKIuC0FvTvJn5tQJVmkXw0w5j6ArqShYyAsVKr2Yc4BnyDB63SWamdL7hFdwq8TLyUFFCKSjv/0+xEJBFUGsJB64bnxsYfgTKMcDrONRNNYyB96NKGpRIE1f5o+vUYn1ilg8NI2ZEGT9W/FyMQWg9FYDcFmJ5e9Cbif14jMeG1P2IyTgyVZBYUJhybCE8qwB2mKDF8aAkQxeyvmPRAATG2qLmUIBBjW4q3WMEyeSoVvcvixcN5oXyb1pNFR+gYnSIPXaEyukcVVEUEKfSCXtGb8+y8Ox/O52w146Q3h2gOztcvUJiYWw==</latexit>

 = v2/2

<latexit sha1_base64="hHcNlk7BuTX9NpSFoMWEZgxPnrg=">AAACDHicbVDLSsNAFJ3UV62vaJduBovgQkoivlZSdOOygn1AE8rNZNIOnTyYmQgh9Bf8Bbe6dydu/Qe3fonTNgvbeuDC4ZxzuZfjJZxJZVnfRmlldW19o7xZ2dre2d0z9w/aMk4FoS0S81h0PZCUs4i2FFOcdhNBIfQ47Xiju4nfeaJCsjh6VFlC3RAGEQsYAaWlvll1uA77cIqdESQJ4Bts9c2aVbemwMvELkgNFWj2zR/Hj0ka0kgRDlL2bCtRbg5CMcLpuOKkkiZARjCgPU0jCKl08+nzY3ysFR8HsdATKTxV/27kEEqZhZ5OhqCGctGbiP95vVQF127OoiRVNCKzQ0HKsYrxpAnsM0GJ4pkmQATTv2IyBAFE6b7mrnheONal2IsVLJP2Wd2+rF88nNcat0U9ZXSIjtAJstEVaqB71EQtRFCGXtArejOejXfjw/icRUtGsVNFczC+fgGCZ5qR</latexit>

�, > 0

<latexit sha1_base64="26gs4A1IvSUQrnPEzMcKt1aAqTs="></latexit>

Uk =
�

2

✓
�2

2
� 

◆2

<latexit sha1_base64="J/WkfI9pdQKdbbRpFV6lV25ztog=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgQkpSfK2k6MZlBfuANpbJZNIOnUnCzKRQSr/AX3Cre3fi1q9w65c4bbOwrQcuHM45l3s5fsKZ0o7zbeVWVtfWN/Kbha3tnd09e/+gruJUElojMY9l08eKchbRmmaa02YiKRY+pw2/fzfxGwMqFYujRz1MqCdwN2IhI1gbqWPbbW7CAT5D4qmMbpDTsYtOyZkCLRM3I0XIUO3YP+0gJqmgkSYcK9VynUR7Iyw1I5yOC+1U0QSTPu7SlqERFlR5o+nnY3RilACFsTQTaTRV/26MsFBqKHyTFFj31KI3Ef/zWqkOr70Ri5JU04jMDoUpRzpGkxpQwCQlmg8NwUQy8ysiPSwx0aasuSu+L8amFHexgmVSL5fcy9LFw3mxcpvVk4cjOIZTcOEKKnAPVagBgQG8wCu8Wc/Wu/Vhfc6iOSvbOYQ5WF+/wLOZBw==</latexit>

�,m2 > 0

<latexit sha1_base64="5eHAmMRqVONkIY13evDTEj8CxGY="></latexit>

Uk =
1

2
m2�2 +

�

8
(�2)2



How can we drive high temperature SSB?

Couple fermions?

<latexit sha1_base64="QMjOMjnei58oEQJ7dZMNmNIpKv0="></latexit>

+
4vd
d

sF,d
0 (⌧)h2

<latexit sha1_base64="Z14vlPCBjsxbR/vtaStbXphhJPQ="></latexit>

k@km
2 = �4vd

d
sd0(⌧)(N + 2)

�

(k2 +m2)2

at high temperatures, fermions decouple τ

1

1 2

<latexit sha1_base64="JBqHApCe3s8LaKEyN0upB/gi3wI="></latexit>

sd0(⌧)

<latexit sha1_base64="jLOUDkDSTrcSsNLppRSn6cGNEdI=">AAACHHicdVBbSwJBGJ21m9nFrR57GZLAIGS3XK03KYgeDfICajI7O+rg7IW5BLLsLwl6qn/SW/Qa9Ed6blYNMurAwOGc7+M7c9yIUSEt68PILC2vrK5l13Mbm1vbeXNntylCxTFp4JCFvO0iQRgNSENSyUg74gT5LiMtd3yZ+q17wgUNg1s5iUjPR8OADihGUkt9My/61l18dewlxa5E6qhvFqySNQW0StXy+ald1sR2Ko5jQ3tuFcAc9b752fVCrHwSSMyQEB3bimQvRlxSzEiS6ypBIoTHaEg6mgbIJ6IXT4Mn8FArHhyEXL9Awqn6cyNGvhAT39WTPpIj8dtLxb+8jpKDs15Mg0hJEuDZoYFiUIYwbQF6lBMs2UQThDnVWSEeIY6w1F0tXHFdf+ETsSfSrIku6rsN+D9pnpTsSsm5KRdqF/PKsmAfHIAisEEV1MA1qIMGwECBB/AEno1H48V4Nd5moxljvrMHFmC8fwGboaIe</latexit>

sF,d
0 (⌧)

recall talk by Mireia:

<latexit sha1_base64="4gQs+6ysknXSPnCxX3YA1BWRYh8=">AAAB/HicbVA9SwNBEJ3zM8avqKXNYhCswp3fjRC0sYzgJYHkCHt7e8mS3b1jd08IIf4FW+3txNb/YusvcZNcYRIfDDzem2FmXphypo3rfjtLyyura+uFjeLm1vbObmlvv66TTBHqk4QnqhliTTmT1DfMcNpMFcUi5LQR9u/GfuOJKs0S+WgGKQ0E7koWM4KNlfwI3aCzTqnsVtwJ0CLxclKGHLVO6acdJSQTVBrCsdYtz01NMMTKMMLpqNjONE0x6eMubVkqsaA6GE6OHaFjq0QoTpQtadBE/TsxxELrgQhtp8Cmp+e9sfif18pMfB0MmUwzQyWZLoozjkyCxp+jiClKDB9Ygoli9lZEelhhYmw+M1vCUIxsKN58BIukflrxLisXD+fl6m0eTwEO4QhOwIMrqMI91MAHAgxe4BXenGfn3flwPqetS04+cwAzcL5+Ac/7lMg=</latexit>

d = 3



How can we drive high temperature SSB?
What about bosons?

Action of                      theory at UV scale
<latexit sha1_base64="IsTBUoTAlU/6xjRP3ici8JFAx4c=">AAACGnicbVC7TsMwFHV4lvIKMLIYKqSyVEnFa6xgYYIi0Ydoq8h2ndaqnUS2g1RFmfkJfoEVdjbEysLKl+CmHWjLkSwdnXOvzvXBEWdKO863tbC4tLyymlvLr29sbm3bO7t1FcaS0BoJeSibGCnKWUBrmmlOm5GkSGBOG3hwNfIbj1QqFgb3ehjRjkC9gPmMIG0kzz5oC6T7UiS3afHmGLY1E1TBTMQ4eUi9smcXnJKTAc4Td0IKYIKqZ/+0uyGJBQ004UiplutEupMgqRnhNM23Y0UjRAaoR1uGBsgkdpLsKyk8MkoX+qE0L9AwU/9uJEgoNRTYTI5uVLPeSPzPa8Xav+gkLIhiTQMyDvJjDnUIR73ALpOUaD40BBHJzK2Q9JFERJv2plIwFqkpxZ2tYJ7UyyX3rHR6d1KoXE7qyYF9cAiKwAXnoAKuQRXUAAFP4AW8gjfr2Xq3PqzP8eiCNdnZA1Owvn4BryKhMw==</latexit>

O(N)⇥ Z2
<latexit sha1_base64="tnUGfHqBtb0seAZo8fpxNJu3350="></latexit>
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Scalar potential bounded from below if 
<latexit sha1_base64="Od8EjJnX+t1Hf9CjehdrztAEVOg=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0VwVZJSH8uiG5cV7AOaGCaTSTt08nBmIpSQH/En/AW3unchiAs3/oaTNhTbemDg3HPu5d45bsyokIbxoZVWVtfWN8qbla3tnd09ff+gI6KEY9LGEYt4z0WCMBqStqSSkV7MCQpcRrru6Dr3u4+ECxqFd3IcEztAg5D6FCOpJEdvWEw1e8ix4iGFswLnxYA8zJR06is9u687etWoGRPAZWIWpAoKtBz92/IinAQklJghIfqmEUs7RVxSzEhWsRJBYoRHaED6ioYoIMJOJ7/L4IlSPOhHXL1Qwon6dyJFgRDjwFWdAZJDsejl4n9eP5H+pZ3SME4kCfF0kZ8wKCOYRwU9ygmWbKwIwpyqWyEeIo6wVIHObXHdIFOhmIsRLJNOvWae185uG9XmVRFPGRyBY3AKTHABmuAGtEAbYPAEXsAreNOetXftU/uatpa0YuYQzEH7+QXVzqkK</latexit>

���� � �2
�� possible!

<latexit sha1_base64="e55iFpNA7K2OMTxcBeeYoyF6syw=">AAACEHicbVC7TsMwFHV4lvIKMDCwWFRITFWCeA0MFSyMRaIPqYkix3Faq7YT2Q5SFeUn+AVW2NkQK3/Aypfgthloy5EsHZ1zru71CVNGlXacb2tpeWV1bb2yUd3c2t7Ztff22yrJJCYtnLBEdkOkCKOCtDTVjHRTSRAPGemEw7ux33kiUtFEPOpRSnyO+oLGFCNtpMA+9JgJRyjIvXRAoYcHtIA30AnsmlN3JoCLxC1JDZRoBvaPFyU440RozJBSPddJtZ8jqSlmpKh6mSIpwkPUJz1DBeJE+fnkAwU8MUoE40SaJzScqH8ncsSVGvHQJDnSAzXvjcX/vF6m42s/pyLNNBF4uijOGNQJHLcBIyoJ1mxkCMKSmlshHiCJsDadzWwJQ16YUtz5ChZJ+6zuXtYvHs5rjduyngo4AsfgFLjgCjTAPWiCFsCgAC/gFbxZz9a79WF9TqNLVjlzAGZgff0CRbucpg==</latexit>

��� < 0

LPA’ flow equations
<latexit sha1_base64="3WrK6vvBf2j/JaL8pxe18R2olIY="></latexit>

@tu =�Du+ (D�2+⌘�)⇢̄�u
(1,0) + (D�2+⌘�)⇢̄�u

(0,1)

+ IDR (!�,!�,!��)S�(⌧) + (N�1)IDG (u(1,0))S�(⌧)

+ IDR (!�,!�,!��)S�(⌧)

<latexit sha1_base64="ctqIaWVmn6OmV5R1PFnzgm7rLNA="></latexit>

!� = u(1,0)
k + 2⇢̄�u

(2,0)
k

<latexit sha1_base64="YlNNKhP+53Xu3rPpxJHaDXCl8Yw="></latexit>

!� = u(0,1)
k + 2⇢̄�u

(0,2)
k

<latexit sha1_base64="ppgTzHpOUuZipOxMLXZ9m6rGl5A="></latexit>

!2
�� = 4⇢̄�⇢̄�(u

(1,1)
k )2with ‘masses’                                     ,                                      and 

canonical scaling
sector

sector

<latexit sha1_base64="iUO5pS7rqDtoyOsd1UKPRscMhJ8=">AAACGHicbVDLSgMxFM3UV62vqks3wSLUTZkRX8uiG1dawT6gHUomk2lDk8yYZIQyzHcIrvRP3Ilbd/6IazPtLGzrgcDhnHu5J8eLGFXatr+twtLyyupacb20sbm1vVPe3WupMJaYNHHIQtnxkCKMCtLUVDPSiSRB3GOk7Y2uM7/9RKSioXjQ44i4HA0EDShG2khujyM9lDy5S6u3x/1yxa7ZE8BF4uSkAnI0+uWfnh/imBOhMUNKdR070m6CpKaYkbTUixWJEB6hAekaKhAnyk0moVN4ZBQfBqE0T2g4Uf9uJIgrNeaemcxCqnkvE//zurEOLt2EiijWRODpoSBmUIcwawD6VBKs2dgQhCU1WSEeIomwNj3NXPE8PvOJxFdZ1tQU5czXskhaJzXnvHZ2f1qpX+WVFcEBOARV4IALUAc3oAGaAINH8AxewZv1Yr1bH9bndLRg5Tv7YAbW1y/q5aFM</latexit>

O(N)

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



Assume      is preserved at that scale

How can we drive high temperature SSB?
What about bosons?

Action of                      theory at UV scale
<latexit sha1_base64="IsTBUoTAlU/6xjRP3ici8JFAx4c=">AAACGnicbVC7TsMwFHV4lvIKMLIYKqSyVEnFa6xgYYIi0Ydoq8h2ndaqnUS2g1RFmfkJfoEVdjbEysLKl+CmHWjLkSwdnXOvzvXBEWdKO863tbC4tLyymlvLr29sbm3bO7t1FcaS0BoJeSibGCnKWUBrmmlOm5GkSGBOG3hwNfIbj1QqFgb3ehjRjkC9gPmMIG0kzz5oC6T7UiS3afHmGLY1E1TBTMQ4eUi9smcXnJKTAc4Td0IKYIKqZ/+0uyGJBQ004UiplutEupMgqRnhNM23Y0UjRAaoR1uGBsgkdpLsKyk8MkoX+qE0L9AwU/9uJEgoNRTYTI5uVLPeSPzPa8Xav+gkLIhiTQMyDvJjDnUIR73ALpOUaD40BBHJzK2Q9JFERJv2plIwFqkpxZ2tYJ7UyyX3rHR6d1KoXE7qyYF9cAiKwAXnoAKuQRXUAAFP4AW8gjfr2Xq3PqzP8eiCNdnZA1Owvn4BryKhMw==</latexit>

O(N)⇥ Z2
<latexit sha1_base64="tnUGfHqBtb0seAZo8fpxNJu3350="></latexit>
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Scalar potential bounded from below if 
<latexit sha1_base64="Od8EjJnX+t1Hf9CjehdrztAEVOg=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0VwVZJSH8uiG5cV7AOaGCaTSTt08nBmIpSQH/En/AW3unchiAs3/oaTNhTbemDg3HPu5d45bsyokIbxoZVWVtfWN8qbla3tnd09ff+gI6KEY9LGEYt4z0WCMBqStqSSkV7MCQpcRrru6Dr3u4+ECxqFd3IcEztAg5D6FCOpJEdvWEw1e8ix4iGFswLnxYA8zJR06is9u687etWoGRPAZWIWpAoKtBz92/IinAQklJghIfqmEUs7RVxSzEhWsRJBYoRHaED6ioYoIMJOJ7/L4IlSPOhHXL1Qwon6dyJFgRDjwFWdAZJDsejl4n9eP5H+pZ3SME4kCfF0kZ8wKCOYRwU9ygmWbKwIwpyqWyEeIo6wVIHObXHdIFOhmIsRLJNOvWae185uG9XmVRFPGRyBY3AKTHABmuAGtEAbYPAEXsAreNOetXftU/uatpa0YuYQzEH7+QXVzqkK</latexit>

���� � �2
�� possible!

<latexit sha1_base64="e55iFpNA7K2OMTxcBeeYoyF6syw=">AAACEHicbVC7TsMwFHV4lvIKMDCwWFRITFWCeA0MFSyMRaIPqYkix3Faq7YT2Q5SFeUn+AVW2NkQK3/Aypfgthloy5EsHZ1zru71CVNGlXacb2tpeWV1bb2yUd3c2t7Ztff22yrJJCYtnLBEdkOkCKOCtDTVjHRTSRAPGemEw7ux33kiUtFEPOpRSnyO+oLGFCNtpMA+9JgJRyjIvXRAoYcHtIA30AnsmlN3JoCLxC1JDZRoBvaPFyU440RozJBSPddJtZ8jqSlmpKh6mSIpwkPUJz1DBeJE+fnkAwU8MUoE40SaJzScqH8ncsSVGvHQJDnSAzXvjcX/vF6m42s/pyLNNBF4uijOGNQJHLcBIyoJ1mxkCMKSmlshHiCJsDadzWwJQ16YUtz5ChZJ+6zuXtYvHs5rjduyngo4AsfgFLjgCjTAPWiCFsCgAC/gFbxZz9a79WF9TqNLVjlzAGZgff0CRbucpg==</latexit>

��� < 0

In                 ,           symmetry is always restored at a finite scale for           .
<latexit sha1_base64="ick988muSkXB52mG5Ndv/htHC0Y=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoMgCGE3+LoIQS8eI5gHJEuYnZ1NhszMLjOzQggBf8Gr3r2JV3/Fq1/iJNmDSSxoKKq66e4KEs60cd1vJ7eyura+kd8sbG3v7O4V9w8aOk4VoXUS81i1AqwpZ5LWDTOcthJFsQg4bQaDu4nffKJKs1g+mmFCfYF7kkWMYGOlZohuUOXM6xZLbtmdAi0TLyMlyFDrFn86YUxSQaUhHGvd9tzE+COsDCOcjgudVNMEkwHu0balEguq/dH03DE6sUqIoljZkgZN1b8TIyy0HorAdgps+nrRm4j/ee3URNf+iMkkNVSS2aIo5cjEaPI7CpmixPChJZgoZm9FpI8VJsYmNLclCMTYhuItRrBMGpWyd1m+eDgvVW+zePJwBMdwCh5cQRXuoQZ1IDCAF3iFN+fZeXc+nM9Za87JZg5hDs7XL6vxlTc=</latexit>

d = 2 + 1

<latexit sha1_base64="2m8XsNroJ59BRU+mHuGtKTjuwPE="></latexit>

k@km
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k5s30(⌧)
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� N���

(k2 +m2
�)

2

!
<latexit sha1_base64="mNUNLfO7XgfZgevapw0XuvaUGGI=">AAACEnicbVC7TsMwFHXKq5RXgAmxWFRITFVS8RoYKlgYi0QfUhMix3VaK3YS2Q5SFVX8BL/ACjsbYuUHWPkSnDYDbTnSlY7OudfX9/gJo1JZ1rdRWlpeWV0rr1c2Nre2d8zdvbaMU4FJC8csFl0fScJoRFqKKka6iSCI+4x0/PAm9zuPREgaR/dqlBCXo0FEA4qR0pJnHoTQSZBQFDEvhNxz8JA+1OEVtDyzatWsCeAisQtSBQWanvnj9GOcchIpzJCUPdtKlJvlj2NGxhUnlSRBOEQD0tM0QpxIN5ucMIbHWunDIBa6IgUn6t+JDHEpR9zXnRypoZz3cvE/r5eq4NLNaJSkikR4uihIGVQxzPOAfSoIVmykCcKC6r9CPEQCYaVTm9ni+3ysQ7HnI1gk7XrNPq+d3Z1WG9dFPGVwCI7ACbDBBWiAW9AELYDBE3gBr+DNeDbejQ/jc9paMoqZfTAD4+sXD92dAw==</latexit>

k@km
2
� < 0

<latexit sha1_base64="e55iFpNA7K2OMTxcBeeYoyF6syw=">AAACEHicbVC7TsMwFHV4lvIKMDCwWFRITFWCeA0MFSyMRaIPqYkix3Faq7YT2Q5SFeUn+AVW2NkQK3/Aypfgthloy5EsHZ1zru71CVNGlXacb2tpeWV1bb2yUd3c2t7Ztff22yrJJCYtnLBEdkOkCKOCtDTVjHRTSRAPGemEw7ux33kiUtFEPOpRSnyO+oLGFCNtpMA+9JgJRyjIvXRAoYcHtIA30AnsmlN3JoCLxC1JDZRoBvaPFyU440RozJBSPddJtZ8jqSlmpKh6mSIpwkPUJz1DBeJE+fnkAwU8MUoE40SaJzScqH8ncsSVGvHQJDnSAzXvjcX/vF6m42s/pyLNNBF4uijOGNQJHLcBIyoJ1mxkCMKSmlshHiCJsDadzWwJQ16YUtz5ChZJ+6zuXtYvHs5rjduyngo4AsfgFLjgCjTAPWiCFsCgAC/gFbxZz9a79WF9TqNLVjlzAGZgff0CRbucpg==</latexit>

��� < 0for 
and sufficiently large     !

… and SSB of       not excluded by Mermin-Wagner!
approx. if

<latexit sha1_base64="zEz8Xvn7OqDZgIXKG7lURbB/02Y=">AAACIXicbZDLSsNAFIYn9VbrLerSzWARuiqJ94WLohtXUsFeoAlhMpm0QycXZiZCSfMKvoSv4Fb37sSduPNJnLQRbPWHgZ/vnMM587sxo0IaxodWWlhcWl4pr1bW1jc2t/TtnbaIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuMOrvN65J1zQKLyTo5jYAeqH1KcYSYUcvXYELabaPeRYeEDhBbyB4x+SWrFCOc/Gjl416sZE8K8xC1MFhZqO/mV5EU4CEkrMkBA904ilnSIuKWYkq1iJIDHCQ9QnPWVDFBBhp5MfZfBAEQ/6EVcvlHBCf0+kKBBiFLiqM0ByIOZrOfyv1kukf26nNIwTSUI8XeQnDMoI5vFAj3KCJRspgzCn6laIB4gjLFWIM1tcN8hUKOZ8BH9N+7BuntZPbo+rjcsinjLYA/ugBkxwBhrgGjRBC2DwAJ7AM3jRHrVX7U17n7aWtGJmF8xI+/wGM42jhQ==</latexit>

3�� < N |���|

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

<latexit sha1_base64="iUO5pS7rqDtoyOsd1UKPRscMhJ8=">AAACGHicbVDLSgMxFM3UV62vqks3wSLUTZkRX8uiG1dawT6gHUomk2lDk8yYZIQyzHcIrvRP3Ilbd/6IazPtLGzrgcDhnHu5J8eLGFXatr+twtLyyupacb20sbm1vVPe3WupMJaYNHHIQtnxkCKMCtLUVDPSiSRB3GOk7Y2uM7/9RKSioXjQ44i4HA0EDShG2khujyM9lDy5S6u3x/1yxa7ZE8BF4uSkAnI0+uWfnh/imBOhMUNKdR070m6CpKaYkbTUixWJEB6hAekaKhAnyk0moVN4ZBQfBqE0T2g4Uf9uJIgrNeaemcxCqnkvE//zurEOLt2EiijWRODpoSBmUIcwawD6VBKs2dgQhCU1WSEeIomwNj3NXPE8PvOJxFdZ1tQU5czXskhaJzXnvHZ2f1qpX+WVFcEBOARV4IALUAc3oAGaAINH8AxewZv1Yr1bH9bndLRg5Tv7YAbW1y/q5aFM</latexit>

O(N)

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

<latexit sha1_base64="GgKk23HkT1LvsRmfw8A0esPRN0Q=">AAACEHicbVDLSsNAFL3xWeur6tLNYBFclUR8raToxpVUMG2hDWUymbRDJ5MwMxFK6DcIrvRP3Ilb/8Afce2kzcK2HrhwOOde7r3HTzhT2ra/raXlldW19dJGeXNre2e3srffVHEqCXVJzGPZ9rGinAnqaqY5bSeS4sjntOUPb3O/9USlYrF41KOEehHuCxYygrWR3Ht0jZxepWrX7AnQInEKUoUCjV7lpxvEJI2o0IRjpTqOnWgvw1Izwum43E0VTTAZ4j7tGCpwRJWXTY4do2OjBCiMpSmh0UT9O5HhSKlR5JvOCOuBmvdy8T+vk+rwysuYSFJNBZkuClOOdIzyz1HAJCWajwzBRDJzKyIDLDHRJp+ZLb4fzTyRBSq/dWyCcuZjWSTN05pzUTt/OKvWb4rISnAIR3ACDlxCHe6gAS4QYPAMr/BmvVjv1of1OW1dsoqZA5iB9fULV0edLg==</latexit>

N > 1

<latexit sha1_base64="eavAS/L2JIUO+B/DPpyoXCG7N00=">AAAB+HicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQiydJwDwgWcLspDcZMjO7zMwKMeQLvOrdm3j1b7z6JU6SPZhoQUNR1U13V5hwpo3nfTm5ldW19Y38ZmFre2d3r7h/0NBxqijWacxj1QqJRs4k1g0zHFuJQiJCjs1weDv1m4+oNIvlgxklGAjSlyxilBgr1e67xZJX9mZw/xI/IyXIUO0Wvzu9mKYCpaGcaN32vcQEY6IMoxwnhU6qMSF0SPrYtlQSgToYzw6duCdW6blRrGxJ487U3xNjIrQeidB2CmIGetmbiv957dRE18GYySQ1KOl8UZRy18Tu9Gu3xxRSw0eWEKqYvdWlA6IINTabhS1hKCY2FH85gr+kcVb2L8sXtfNS5SaLJw9HcAyn4MMVVOAOqlAHCgjP8AKvzpPz5rw7H/PWnJPNHMICnM8fAQ6T2g==</latexit>

N



<latexit sha1_base64="wT2jxem9d4ESgtE/+g2dgr4ie0s=">AAACEnicbVDLSsNAFJ3UV62vqCtxM1gEcVES8bVwUXTjsoJ9QBPDZDJph84kYWYilBD8CX/Bre7diVt/wK1f4rTNwrYeGDiccy73zvETRqWyrG+jtLC4tLxSXq2srW9sbpnbOy0ZpwKTJo5ZLDo+koTRiDQVVYx0EkEQ9xlp+4Obkd9+JELSOLpXw4S4HPUiGlKMlJY8c89hOhygh2Mvc5I+hQ7u0xxeQcszq1bNGgPOE7sgVVCg4Zk/ThDjlJNIYYak7NpWotwMCUUxI3nFSSVJEB6gHulqGiFOpJuNv5DDQ60EMIyFfpGCY/XvRIa4lEPu6yRHqi9nvZH4n9dNVXjpZjRKUkUiPFkUpgyqGI76gAEVBCs21ARhQfWtEPeRQFjp1qa2+D7PdSn2bAXzpHVSs89rZ3en1fp1UU8Z7IMDcARscAHq4BY0QBNg8ARewCt4M56Nd+PD+JxES0YxswumYHz9AnVCnUI=</latexit>

�⇤
�� < 0
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Quantum critical point
  theories feature several interacting fixed-points in       
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Infrared stability

BFP has three relevant directions for             and is hence unstable
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N=2 ν ηφ ηχ
5-loop 0.70(3) 0.037(5) 0.037(5)

FRG, LPA'6 0.68 0.0400 0.0400

• biconical fixed point (BFP):
• isotropic fixed point (IFP):

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

Calabrese et al., Physical Review B 67 (5), 054505 (2003)

Calabrese et al., Physical Review B 67 (5), 054505 (2003)
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relevant coupling to tune in the UV is 
<latexit sha1_base64="UwDda6yuvv6Gmek28KCXy7sBQNU=">AAACCnicbVC7SgNBFJ31GeNro6XNYBCswq74KoM2lhHMA7LLcmcymwyZf TAzq4Qlf+Av2GpvJ7b+hK1f4iTZwiQeuHA4517O5ZBUcKUd59taWV1b39gsbZW3d3b39u3KQUslmaSsSRORyA4BxQSPWVNzLVgnlQwiIlibDG8nfvuRScWT+EGPUuZH0I95yCloIwV2xSMgc28IaQrjwKMDHthVp+ZMgZeJW5AqKtAI7B+vl9AsYrGmApTquk6q/Ryk5lSwcdnLFEuBDqHPuobGEDHl59PXx/jEKD0cJtJMrPFU/XuRQ6TUKCJmMwI9UIveRPzP62Y6vPZzHqeZZjGdBYWZwDrBkx5wj0tGtRgZAlRy8yumA5BAtWlrLoWQaGxKcRcrWCats5p7Wbu4P6/Wb4p6SugIHaNT5KIrVEd3qIGaiKIn9IJe0Zv1bL1bH9bnbHXFKm4O0Rysr19iyps+</latexit>

̄�

<latexit sha1_base64="a+ijrwUYfmw/kNz4LxqDBvKTKKg=">AAACCHicbVDLSsNAFJ34rPXRqEs3g0WoC0sivpZFN660gn1AG8pkOmmHzkzCzEQoIT/gL7jVvTtx61+49UuctFnY1gMXDufcyz0cP2JUacf5tpaWV1bX1gsbxc2t7Z2SvbvXVGEsMWngkIWy7SNFGBWkoalmpB1JgrjPSMsf3WR+64lIRUPxqMcR8TgaCBpQjLSRenapy5EeSp7cp5W7E/e4Z5edqjMBXCRuTsogR71n/3T7IY45ERozpFTHdSLtJUhqihlJi91YkQjhERqQjqECcaK8ZBI8hUdG6cMglGaEhhP170WCuFJj7pvNLKaa9zLxP68T6+DKS6iIYk0Enj4KYgZ1CLMWYJ9KgjUbG4KwpCYrxEMkEdamq5kvvs9TU4o7X8EiaZ5W3Yvq+cNZuXad11MAB+AQVIALLkEN3II6aAAMYvACXsGb9Wy9Wx/W53R1ycpv9sEMrK9fVEOZcg==</latexit>

O(N � 1)
<latexit sha1_base64="aXDjunhEyyEAqx2p1r9TKJ1haCs=">AAACHHicbVDLSgMxFM34rPVVdekmWIS6sMwUX8uiG1dawT6wU0qSpm1oMjMkGaEM8wH+hL/gVvfuxK3g1i8xM52FbT0QOJxzL+fm4IAzpW3721pYXFpeWc2t5dc3Nre2Czu7DeWHktA68bkvWxgpyplH65ppTluBpEhgTpt4dJX4zUcqFfO9ez0OaEeggcf6jCBtpG6h6Aqkh1JEt3Hp5tg5gq5mgiqYyhhHD3G3Yqbssp0CzhMnI0WQodYt/Lg9n4SCeppwpFTbsQPdiZDUjHAa591Q0QCRERrQtqEeMomdKP1MDA+N0oN9X5rnaZiqfzciJJQaC2wmkxvVrJeI/3ntUPcvOhHzglBTj0yC+iGH2odJM7DHJCWajw1BRDJzKyRDJBHRpr+pFIxFbEpxZiuYJ41K2Tkrn96dFKuXWT05sA8OQAk44BxUwTWogTog4Am8gFfwZj1b79aH9TkZXbCynT0wBevrF59YoaU=</latexit>

O(N � 1)⇥ Z2

5

UV
� � BFP

�

�0.01 �0.005 0 0.005 0.01

0

0.001

0.002

0.003

0.004

0.005

0.006

T

IR
�

0

0.01

0.02

0.03

0.04

FIG. 2. Phase diagram for N = 100 in LPA
06. For 

UV
� <


BFP
� , we find persistent SSB of Z2 above a critical tempera-

ture, while Z2 is spontaneously broken at all temperatures for

UV
� > 

BFP
� . The phase boundary separating Z2 symmetric

and broken phases is thus bent to the left, which is a direct
manifestation of persistent SSB. The second line appearing in
the phase diagram is most probably a numerical artifact, cf.
Suppl. Mat. [22].

ing, we denote the IR value of � as IR
� .

We should note that there are numerical pathologies oc-
curring while integrating the RG equations. This seems
to be an artefact of the local expansion and depends on
the truncation chosen as well as the value of N . For large
N , no numerical di�culties occur within LPA(0)6/8, as
we suspect that higher-dimensional operators are sup-
pressed by powers of 1/N . For smaller N = O(10), we
were only able to integrate to the IR within LPA(0)6, as
the local expansion seems to break down during RG flow
in LPA(0)8. Such pathological behavior has already been
noted in previous works, see e.g. Refs. [27, 36]. One pos-
sibility of by-passing those issues is to resolve the full po-
tential on a grid in field space by employing pseudospec-
tral methods [38, 39]. However, as we have established
earlier, LPA06 is already able to give very sensible results
for N � 2 and we thus restrict the remaining discussion
to that truncation.

Large N and critical N . — As we established earlier and
further discuss in the Suppl. Mat. [22], the LPA gets
exact in the limit of large N , where we therefore expect
the most reliable and numerically stable results. We thus
start our discussion for N = 100 and show the resulting

UV
� -T phase diagram in Fig. 2. All dimensionful quanti-

ties are given in units of the UV cut-o↵ ⇤. At T = 0, the
BFP separates two phases: for UV

� > 
BFP
� , the symme-

try is broken down to O(N � 1), while it is broken down
to O(N � 1)⇥Z2 for UV

� < 
BFP
� . When turning on the

temperature, we find that the symmetry in the O(N)
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FIG. 3. Exemplary flows for N = 100 in LPA
06. We show

exemplary flows for UV
� < 

BFP
� below (a) and above (b) the

phase boundary in Fig. 2. The grey vertical lines mark the
RG scale at which the system changes its phase.

sector is fully restored in the IR, confirming our previous
argument and thus the validity of the CHMW theorem
within our approach, which is shown explicitly in Fig. 1.
Above a critical temperature, we find a transition from
a Z2 symmetric to Z2 broken phase at a finite tempera-
ture if UV

� < 
BFP
� . For UV

� > 
BFP
� , we find persistent

breaking of the global symmetry O(N)⇥ Z2 ! O(N).

We show exemplary flows for UV
� < 

BFP
� on both sides

of the finite-T transition in Fig. 3. Starting in the vicinity
of the BFP within the SSB-SSB phase, fluctuations first
lead to a decrease of � and �, and eventually the global
symmetry is fully restored. However, as soon as the O(N)
symmetry is restored, m2

� is monotonically decreasing –
as we have also argued above – and the system enters
the SYM-SSB phase. Below the critical temperature,
� again goes to zero at intermediate RG scales and Z2

symmetry is restored, while � > 0 down to the IR above
the critical temperature and Z2 is broken.

From Fig. 2 it is clear that persistent SSB manifests itself
as the phase boundary being bent to the left. This also
means that if a critical value Nc of N exists, then the
phase boundary is bent to the right for N < Nc. Evi-
dently, the phase boundary gets vertical precisely at Nc.
Our strategy for determining Nc is to set 

UV
� = 

BFP
�

at a fixed finite temperature and examine the value of

IR
� . If N < Nc, then 

IR
� = 0 for all T > 0, while, if

N > Nc, IR
� > 0 for all T > 0. In Fig. 4, we show 

IR
�

for 13  N  16 for various finite temperatures. We
conclude that Nc 2 (14, 15), and, restricting to integer
N , that Nc = 15. Excluding the anomalous dimension,
we find the same integer estimate for Nc within LPA6.
This could be related to the fact that for values of N

in the magnitude of Nc, the LPA already shows appar-
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relevant coupling to tune in the UV is 
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Summary

High temperatures Entropy is maximized in thermal equilibrium

System is expected to be in a disordered state

In nature: Systems contradicting this expectation, e.g., Pomeranchuk effect or Rochelle salt

We showed, that biconical                     models in 
<latexit sha1_base64="IsTBUoTAlU/6xjRP3ici8JFAx4c=">AAACGnicbVC7TsMwFHV4lvIKMLIYKqSyVEnFa6xgYYIi0Ydoq8h2ndaqnUS2g1RFmfkJfoEVdjbEysLKl+CmHWjLkSwdnXOvzvXBEWdKO863tbC4tLyymlvLr29sbm3bO7t1FcaS0BoJeSibGCnKWUBrmmlOm5GkSGBOG3hwNfIbj1QqFgb3ehjRjkC9gPmMIG0kzz5oC6T7UiS3afHmGLY1E1TBTMQ4eUi9smcXnJKTAc4Td0IKYIKqZ/+0uyGJBQ004UiplutEupMgqRnhNM23Y0UjRAaoR1uGBsgkdpLsKyk8MkoX+qE0L9AwU/9uJEgoNRTYTI5uVLPeSPzPa8Xav+gkLIhiTQMyDvJjDnUIR73ALpOUaD40BBHJzK2Q9JFERJv2plIwFqkpxZ2tYJ7UyyX3rHR6d1KoXE7qyYF9cAiKwAXnoAKuQRXUAAFP4AW8gjfr2Xq3PqzP8eiCNdnZA1Owvn4BryKhMw==</latexit>

O(N)⇥ Z2

<latexit sha1_base64="ick988muSkXB52mG5Ndv/htHC0Y=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoMgCGE3+LoIQS8eI5gHJEuYnZ1NhszMLjOzQggBf8Gr3r2JV3/Fq1/iJNmDSSxoKKq66e4KEs60cd1vJ7eyura+kd8sbG3v7O4V9w8aOk4VoXUS81i1AqwpZ5LWDTOcthJFsQg4bQaDu4nffKJKs1g+mmFCfYF7kkWMYGOlZohuUOXM6xZLbtmdAi0TLyMlyFDrFn86YUxSQaUhHGvd9tzE+COsDCOcjgudVNMEkwHu0balEguq/dH03DE6sUqIoljZkgZN1b8TIyy0HorAdgps+nrRm4j/ee3URNf+iMkkNVSS2aIo5cjEaPI7CpmixPChJZgoZm9FpI8VJsYmNLclCMTYhuItRrBMGpWyd1m+eDgvVW+zePJwBMdwCh5cQRXuoQZ1IDCAF3iFN+fZeXc+nM9Za87JZg5hDs7XL6vxlTc=</latexit>

d = 2 + 1

• … posses a UV completion at the biconical fixed-point 

• … spontaneously break       symmetry at all temperatures for                        above BFP
<latexit sha1_base64="a/EVSXgSJbl0rCTrYmLvviPXKCw=">AAACBXicbVC7SgNBFL0bXzG+opY2g0GwCrti1EYI2liFCOYByRpmJ7PJkJnZdWZWCEtqf8FWezux9Tts/RInj8JED1w4nHMv53KCmDNtXPfLySwtr6yuZddzG5tb2zv53b26jhJFaI1EPFLNAGvKmaQ1wwynzVhRLAJOG8Hgeuw3HqnSLJJ3ZhhTX+CeZCEj2FjpvoLaPfqAKh2CLr1SJ19wi+4E6C/xZqQAM1Q7+e92NyKJoNIQjrVueW5s/BQrwwino1w70TTGZIB7tGWpxIJqP518PUJHVumiMFJ2pEET9fdFioXWQxHYTYFNXy96Y/E/r5WY8MJPmYwTQyWZBoUJRyZC4wpQlylKDB9agoli9ldE+lhhYmxRcylBIEa2FG+xgr+kflL0zoql29NC+WpWTxYO4BCOwYNzKMMNVKEGBBQ8wwu8Ok/Om/PufExXM87sZh/m4Hz+AMmSmAg=</latexit>

N � Nc = 15
<latexit sha1_base64="cHqOwSGBz5VXCpuSZMeVjmR0lcs=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZab4WhbduKxgH9gZSpJJ29AkMyQZoQzzG4Ir/RN34talP+LaTDsL23ogcDjnXu7JwTFn2rjut7Oyura+sVnaKm/v7O7tVw4O2zpKFKEtEvFIdTHSlDNJW4YZTruxokhgTjt4fJv7nSeqNIvkg5nENBBoKNmAEWSs5PsCmRHG6WPWr/crVbfmTgGXiVeQKijQ7Fd+/DAiiaDSEI607nlubIIUKcMIp1nZTzSNERmjIe1ZKpGgOkinmTN4apUQDiJlnzRwqv7dSJHQeiKwncwz6kUvF//zeokZXAcpk3FiqCSzQ4OEQxPBvAAYMkWJ4RNLEFHMZoVkhBQixtY0dwVjMfeJNNR51swW5S3Wskza9Zp3Wbu4P682borKSuAYnIAz4IEr0AB3oAlagIAYPINX8Oa8OO/Oh/M5G11xip0jMAfn6xePNqEk</latexit>Z2

Very recent (last Friday) follow-up: 
Komargodski and Popov: shown for large but finite    

<latexit sha1_base64="4XW8rl1PN/KDesZBpatMGx2PWIs=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLsbCcZMjO7zMwKYckXCJ70T7yJV//BH/HsbLIHEy1oKKq66e4KYs60cd0vp7Cyura+UdwsbW3v7O6V9w9aOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYxvM7/9CEqzSD6YSQy+IEPJBowSY6XGfb9ccavuDPgv8XJSQTnq/fJ3L4xoIkAayonWXc+NjZ8SZRjlMC31Eg0xoWMyhK6lkgjQfjo7dIpPrBLiQaRsSYNn6u+JlAitJyKwnYKYkV72MvE/r5uYwbWfMhknBiSdLxokHJsIZ1/jkCmghk8sIVQxeyumI6IINTabhS1BIBaeSEOd3Tq1QXnLsfwlrbOqd1m9aJxXajd5ZEV0hI7RKfLQFaqhO1RHTUQRoCf0gl6dZ+fNeXc+5q0FJ585RAtwPn8AnvGcVw==</latexit>

N
Komardgoski and Popov, arXiv:2412.09459 (2024)

arXiv:2409.10606

https://arxiv.org/abs/2409.10606


Outlook
<latexit sha1_base64="iScToJCr+teZ1n9JvsVss1AWzbw=">AAACE3icbVDLSsNAFL2pr1pfVZduBosgCCUpvjZC0Y3LCvYBbSiTyaQdOpmEmYlQQn9CcKV/4k7c+gH+iGsnbRa29cCFwzn3cu89XsyZ0rb9bRVWVtfWN4qbpa3tnd298v5BS0WJJLRJIh7JjocV5UzQpmaa004sKQ49Ttve6C7z209UKhaJRz2OqRvigWABI1gbqeOjG1Q7c1C/XLGr9hRomTg5qUCORr/80/MjkoRUaMKxUl3HjrWbYqkZ4XRS6iWKxpiM8IB2DRU4pMpNp/dO0IlRfBRE0pTQaKr+nUhxqNQ49ExniPVQLXqZ+J/XTXRw7aZMxImmgswWBQlHOkLZ88hnkhLNx4ZgIpm5FZEhlphoE9HcFs8L555IfZXdOjFBOYuxLJNWrepcVi8eziv12zyyIhzBMZyCA1dQh3toQBMIcHiGV3izXqx368P6nLUWrHzmEOZgff0CvHKd3g==</latexit>

d = 2 + 1

<latexit sha1_base64="aOcsoAoCm8vhf6oXEHpjc38QZZk=">AAACG3icbVC7TsMwFHXKq5RXgJHFaoXULlVS8RorWJigSPQhNVHluE5r1U4i20Gqou78BL/ACjsbYmVg5Utw2gx9cCRLR+fcq3N9vIhRqSzrx8itrW9sbuW3Czu7e/sH5uFRS4axwKSJQxaKjockYTQgTUUVI51IEMQ9Rtre6Cb1209ESBoGj2ocEZejQUB9ipHSUs8sOhypoeDJ/aR8V4GOopxIOCfWKj2zZFWtKeAqsTNSAhkaPfPX6Yc45iRQmCEpu7YVKTdBQlHMyKTgxJJECI/QgHQ1DZCOdJPpXybwVCt96IdCv0DBqTq/kSAu5Zh7ejI9Ui57qfif142Vf+UmNIhiRQI8C/JjBlUI02JgnwqCFRtrgrCg+laIh0ggrHR9Cymexye6FHu5glXSqlXti+r5w1mpfp3VkwcnoAjKwAaXoA5uQQM0AQbP4BW8gXfjxfgwPo2v2WjOyHaOwQKM7z/j66E/</latexit>

O(N)⇥O(2)

In                   : long-range order forbidden in            at             for
<latexit sha1_base64="+oF52UnNf7/5L+eArjHtrL4wXSs=">AAACBXicbVC7SgNBFL0bXzG+opY2g0GITdgVX2XQxkojmAcka5idTJIhM7vLzKwQlq39BVvt7cTW77D1S5xNtjCJBy4czrmXezheyJnStv1t5ZaWV1bX8uuFjc2t7Z3i7l5DBZEktE4CHsiWhxXlzKd1zTSnrVBSLDxOm97oOvWbT1QqFvgPehxSV+CBz/qMYG2kx47AeihFfJeUb49Rt1iyK/YEaJE4GSlBhlq3+NPpBSQS1NeEY6Xajh1qN8ZSM8JpUuhEioaYjPCAtg31saDKjSepE3RklB7qB9KMr9FE/XsRY6HUWHhmM02p5r1U/M9rR7p/6cbMDyNNfTJ91I840gFKK0A9JinRfGwIJpKZrIgMscREm6JmvnieSEwpznwFi6RxUnHOK2f3p6XqVVZPHg7gEMrgwAVU4QZqUAcCEl7gFd6sZ+vd+rA+p6s5K7vZhxlYX79OpZj5</latexit>

O(N)
<latexit sha1_base64="8MEYKGj0TNHhaMULBdJIx803Zg4=">AAAB/HicbVA9SwNBEJ2LXzF+RS1tFoNgFe7Er0qCNpYRckkgOcLeZi9Zsrt37O4J4Yh/wVZ7O7H1v9j6S9wkV5jog4HHezPMzAsTzrRx3S+nsLK6tr5R3Cxtbe/s7pX3D5o6ThWhPol5rNoh1pQzSX3DDKftRFEsQk5b4ehu6rceqdIslg0zTmgg8ECyiBFsrOQ30A1ye+WKW3VnQH+Jl5MK5Kj3yt/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7doJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV72puJ/Xic10XWQMZmkhkoyXxSlHJkYTT9HfaYoMXxsCSaK2VsRGWKFibH5LGwJQzGxoXjLEfwlzbOqd1m9eDiv1G7zeIpwBMdwCh5cQQ3uoQ4+EGDwDC/w6jw5b8678zFvLTj5zCEswPn8AbNVlLY=</latexit>

T > 0

bare vev is always vanishing

<latexit sha1_base64="FgNshcm+zeK9Q2qlYjFk8125CGE=">AAAB/HicbVA9SwNBEJ3zM8avqKXNYhCswp34VUnQxkoieEkgOcLeZi9Zsrt37O4J4Yh/wVZ7O7H1v9j6S9wkV5jEBwOP92aYmRcmnGnjut/O0vLK6tp6YaO4ubW9s1va26/rOFWE+iTmsWqGWFPOJPUNM5w2E0WxCDlthIPbsd94okqzWD6aYUIDgXuSRYxgYyX/Hl0jr1MquxV3ArRIvJyUIUetU/ppd2OSCioN4VjrlucmJsiwMoxwOiq2U00TTAa4R1uWSiyoDrLJsSN0bJUuimJlSxo0Uf9OZFhoPRSh7RTY9PW8Nxb/81qpia6CjMkkNVSS6aIo5cjEaPw56jJFieFDSzBRzN6KSB8rTIzNZ2ZLGIqRDcWbj2CR1E8r3kXl/OGsXL3J4ynAIRzBCXhwCVW4gxr4QIDBC7zCm/PsvDsfzue0dcnJZw5gBs7XL6tZlLE=</latexit>

N > 1
<latexit sha1_base64="lhIjHfvJlpVUuRoKZ0VfzQqe7Wk=">AAACGXicbVC7SgNBFJ31GeNr1dJmMAhWYVd8NULQxjKCeUA2LHcnN8mQ2dllZlYIIa0/4S/Yam8ntla2fomTR2ESD1w4c8693LknSgXXxvO+naXlldW19dxGfnNre2fX3duv6iRTDCssEYmqR6BRcIkVw43AeqoQ4khgLerdjvzaIyrNE/lg+ik2Y+hI3uYMjJVClwYCZEcgDdIuD4EGavwMgwgN0GvqhW7BK3pj0EXiT0mBTFEO3Z+glbAsRmmYAK0bvpea5gCU4UzgMB9kGlNgPehgw1IJMermYHzJkB5bpUXbibIlDR2rfycGEGvdjyPbGYPp6nlvJP7nNTLTvmoOuEwzg5JNFrUzQU1CR7HQFlfIjOhbAkxx+1fKuqCAGRvezJYoioc2FH8+gkVSPS36F8Xz+7NC6WYaT44ckiNyQnxySUrkjpRJhTDyRF7IK3lznp1358P5nLQuOdOZAzID5+sXAfigOA==</latexit>

h�ai� = 0

But: “renormalized” vev can still be finite if                 in the IR
<latexit sha1_base64="EczGL/c7ubGhRG3VtOSVM0edujA=">AAACBXicbVC7TgMxENwLrxBeAUoaiwiJKrpDvMoIGsogkYfIHZHP8SVWbN/J9iGdotT8Ai30dIiW76DlS3CSK0hgpJVGM7va3QkTzrRx3S+nsLS8srpWXC9tbG5t75R395o6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcPrid96pEqzWN6ZLKGBwH3JIkawsdLDfXeIfBMjn8nIZN1yxa26U6C/xMtJBXLUu+VvvxeTVFBpCMdadzw3McEIK8MIp+OSn2qaYDLEfdqxVGJBdTCaXj1GR1bpoShWtqRBU/X3xAgLrTMR2k6BzUAvehPxP6+TmugyGDGZpIZKMlsUpRzZPycRoB5TlBieWYKJYvZWRAZYYWJsUHNbwlCMbSjeYgR/SfOk6p1Xz25PK7WrPJ4iHMAhHIMHF1CDG6hDAwgoeIYXeHWenDfn3fmYtRacfGYf5uB8/gCrr5k3</latexit>

Zk ! 1

Berezenskii-Kosterlitz-Thouless phase and quasi long-range order

<latexit sha1_base64="6sEJ+2/6bIUfzDqkE1WUZXr7wLY="></latexit>

hO(x)O(0)i ⇠
1

|x|⌘

can we have a BKT phase at all temperatures?

similar spirit as before in

line of fixed-points and infinite corr. length

To what extend is this included in the         model?!
<latexit sha1_base64="9SW/KXa9QwyzwaqgxnGLGsv1iVQ=">AAACBXicbVC7SgNBFL0bXzG+opY2g0GITdgNvsqgjZ0RzAOSNcxOJsmQmd1lZlYIy9b+gq32dmLrd9j6Jc4mW5jEAxcO59zLPRwv5Exp2/62ciura+sb+c3C1vbO7l5x/6CpgkgS2iABD2Tbw4py5tOGZprTdigpFh6nLW98k/qtJyoVC/wHPQmpK/DQZwNGsDbSY1dgPZIivkvK1VPUK5bsij0FWiZORkqQod4r/nT7AYkE9TXhWKmOY4fajbHUjHCaFLqRoiEmYzykHUN9LKhy42nqBJ0YpY8GgTTjazRV/17EWCg1EZ7ZTFOqRS8V//M6kR5cuTHzw0hTn8weDSKOdIDSClCfSUo0nxiCiWQmKyIjLDHRpqi5L54nElOKs1jBMmlWK85F5fz+rFS7zurJwxEcQxkcuIQa3EIdGkBAwgu8wpv1bL1bH9bnbDVnZTeHMAfr6xciPZjd</latexit>

O(2)

If it is…

<latexit sha1_base64="URFcMiilQ78eJYrEjiFvc4PaCvA=">AAAB/XicbVDJSgNBEK2JW4xb1KOXxiB4CjNiXC4S9OJJIpgFkiH0dHqSNt09Q3ePEIbgL3jVuzfx6rd49UvsLAeT+KDg8V4VVfWCmDNtXPfbySwtr6yuZddzG5tb2zv53b2ajhJFaJVEPFKNAGvKmaRVwwynjVhRLAJO60H/ZuTXn6jSLJIPZhBTX+CuZCEj2FipdoeuUOmynS+4RXcMtEi8KSnAFJV2/qfViUgiqDSEY62bnhsbP8XKMMLpMNdKNI0x6eMubVoqsaDaT8fXDtGRVToojJQtadBY/TuRYqH1QAS2U2DT0/PeSPzPayYmvPBTJuPEUEkmi8KEIxOh0euowxQlhg8swUQxeysiPawwMTagmS1BIIY2FG8+gkVSOyl6Z8XS/WmhfD2NJwsHcAjH4ME5lOEWKlAFAo/wAq/w5jw7786H8zlpzTjTmX2YgfP1CzGplPg=</latexit>

N > 59


