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Conformal phase transition
Well known example: BKT transition

⇠�1 ⇠ exp
⇣
� constp

Tc�T

⌘
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• Essential singularity at T = Tc

• No power law behavior in the correlation length

Compare typical 2nd order phase transition:

⇠�1 ⇠ |Tc � T |⌫
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Conformal phase transition
Example in 2+1 dimensions:  

graphene with Coulomb interaction
• E. V. Gorbar, V. P. Gusynin, V. A. Miransky, and I. A. Shovkovy, “Magnetic field driven metal-insulator phase transition in planar systems,” Phys. 

Rev. B 66, 045108 (2002)  

• Excitonic gap generation by spontaneous  
chiral symmetry breaking:

m ⇠ exp
⇣
� constp

↵c�↵

⌘
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Graphene “fine-structure constant”:
↵ = e2

✏~vF
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Conformal phase transition
Also in d=2+1: Deconfined quantum critical points in 

SU(N) antiferromagnets

<n> 0 <ψ   >
VBS 0

Higgs Confinement

gcg

• Conventional 2nd order phase transition at large N

• Conformal phase transition at low N (e.g., N = 2)

[Nogueira and Sudbø, EPL 104, 56004 (2013)]
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Topological conformal phase transition

L = 
2 ✏µ⌫�A

µ@⌫A� � jµAµ + . . .
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1. jµ =  ̄�µ (Mott TI)

2. jµ = i('⇤@µ'� '@µ'⇤) + 2|'|2Aµ (Top. SC)
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We mainly consider two cases:



Topological conformal phase transition

Current correlation function in conformal invariant theory  
in 2+1 dimensions (Euclidean):

Cµ⌫(p) = hjµ(p)j⌫(�p)i

=
1

2⇡


v|p|

✓
�µ⌫ � pµp⌫

p2

◆
+ w✏µ⌫�p�

�
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v and w are universal numbers
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Topological conformal phase transition

Cµ⌫(p) = ⇧(p)(p2�µ⌫ � pµp⌫) +

2⇡ ✏µ⌫�p�
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Vacuum polarization

Large Nf limit: ⇧(p) = A
2⇡|p| A = ⇡Nf

2
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Dµ⌫(p) =
2⇡

A2 + 2

⇢
A

|p|


�µ⌫

+
(↵� 1)(A2 + 2) + 2

A2

pµp⌫
p2

�
� 

✏µ⌫�p�
p2

�
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Gauge field propagator:
(2Nf two-component fermions)
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Solution of the gap equation:
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Physical interpretation: 

h( †
a" a" �  †

a# a#)i ⇠ M+
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<latexit sha1_base64="XksFnjR4eHBO8SpPiS8TxFcdpP0=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAVXJQyU7C2C6HoxpVUsA9ohyGTZtrQzIMkI9TSL3HjQhG3foo7/8a0HUFFDwQO59zDvTlezJlUlvVhZFZW19Y3spu5re2d3by5t9+WUSIIbZGIR6LrYUk5C2lLMcVpNxYUBx6nHW98Ofc7d1RIFoW3ahJTJ8DDkPmMYKUl18wX8bld6g8iJUvXrl90zYJVrlfrVs1CS3Jqp6RaQ3bZWqAAKZqu+a7DJAloqAjHUvZsK1bOFAvFCKezXD+RNMZkjIe0p2mIAyqd6eLwGTrWygD5kdAvVGihfk9McSDlJPD0ZIDVSP725uJfXi9Rfs2ZsjBOFA3JcpGfcKQiNG8BDZigRPGJJpgIpm9FZIQFJkp3ldMlfP0U/U/albKt+U2l0LhI68jCIRzBCdhwBg24gia0gEACD/AEz8a98Wi8GK/L0YyRZg7gB4y3T1L/kjs=</latexit><latexit sha1_base64="XksFnjR4eHBO8SpPiS8TxFcdpP0=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAVXJQyU7C2C6HoxpVUsA9ohyGTZtrQzIMkI9TSL3HjQhG3foo7/8a0HUFFDwQO59zDvTlezJlUlvVhZFZW19Y3spu5re2d3by5t9+WUSIIbZGIR6LrYUk5C2lLMcVpNxYUBx6nHW98Ofc7d1RIFoW3ahJTJ8DDkPmMYKUl18wX8bld6g8iJUvXrl90zYJVrlfrVs1CS3Jqp6RaQ3bZWqAAKZqu+a7DJAloqAjHUvZsK1bOFAvFCKezXD+RNMZkjIe0p2mIAyqd6eLwGTrWygD5kdAvVGihfk9McSDlJPD0ZIDVSP725uJfXi9Rfs2ZsjBOFA3JcpGfcKQiNG8BDZigRPGJJpgIpm9FZIQFJkp3ldMlfP0U/U/albKt+U2l0LhI68jCIRzBCdhwBg24gia0gEACD/AEz8a98Wi8GK/L0YyRZg7gB4y3T1L/kjs=</latexit><latexit sha1_base64="XksFnjR4eHBO8SpPiS8TxFcdpP0=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAVXJQyU7C2C6HoxpVUsA9ohyGTZtrQzIMkI9TSL3HjQhG3foo7/8a0HUFFDwQO59zDvTlezJlUlvVhZFZW19Y3spu5re2d3by5t9+WUSIIbZGIR6LrYUk5C2lLMcVpNxYUBx6nHW98Ofc7d1RIFoW3ahJTJ8DDkPmMYKUl18wX8bld6g8iJUvXrl90zYJVrlfrVs1CS3Jqp6RaQ3bZWqAAKZqu+a7DJAloqAjHUvZsK1bOFAvFCKezXD+RNMZkjIe0p2mIAyqd6eLwGTrWygD5kdAvVGihfk9McSDlJPD0ZIDVSP725uJfXi9Rfs2ZsjBOFA3JcpGfcKQiNG8BDZigRPGJJpgIpm9FZIQFJkp3ldMlfP0U/U/albKt+U2l0LhI68jCIRzBCdhwBg24gia0gEACD/AEz8a98Wi8GK/L0YyRZg7gB4y3T1L/kjs=</latexit><latexit sha1_base64="XksFnjR4eHBO8SpPiS8TxFcdpP0=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAVXJQyU7C2C6HoxpVUsA9ohyGTZtrQzIMkI9TSL3HjQhG3foo7/8a0HUFFDwQO59zDvTlezJlUlvVhZFZW19Y3spu5re2d3by5t9+WUSIIbZGIR6LrYUk5C2lLMcVpNxYUBx6nHW98Ofc7d1RIFoW3ahJTJ8DDkPmMYKUl18wX8bld6g8iJUvXrl90zYJVrlfrVs1CS3Jqp6RaQ3bZWqAAKZqu+a7DJAloqAjHUvZsK1bOFAvFCKezXD+RNMZkjIe0p2mIAyqd6eLwGTrWygD5kdAvVGihfk9McSDlJPD0ZIDVSP725uJfXi9Rfs2ZsjBOFA3JcpGfcKQiNG8BDZigRPGJJpgIpm9FZIQFJkp3ldMlfP0U/U/albKt+U2l0LhI68jCIRzBCdhwBg24gia0gEACD/AEz8a98Wi8GK/L0YyRZg7gB4y3T1L/kjs=</latexit>

Chiral symmetry breaking =) Spin-density wave state
<latexit sha1_base64="7VYyKKRM0VuL8OEbRatvcpa1jNo="></latexit><latexit sha1_base64="7VYyKKRM0VuL8OEbRatvcpa1jNo="></latexit><latexit sha1_base64="7VYyKKRM0VuL8OEbRatvcpa1jNo="></latexit><latexit sha1_base64="7VYyKKRM0VuL8OEbRatvcpa1jNo="></latexit>
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Topological conformal phase transition

Superconductor Chern-Simons-Higgs electrodynamics
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G
<latexit sha1_base64="6aa53uux9CShrpinCCAUFUvNxE4=">AAAB6nicdZDLSsNAFIZP6q3WW9Slm8FWcFWSgrXdFV3osqK9QBvKZDpph04mYWYilNBHcONCEbc+kTvfxmkbQUV/GPj4zznMOb8fc6a043xYuZXVtfWN/GZha3tnd8/eP2irKJGEtkjEI9n1saKcCdrSTHPajSXFoc9px59czuudeyoVi8SdnsbUC/FIsIARrI11W7oqDeyiU65X607NQUs4czOo1pBbdhYqQqbmwH7vDyOShFRowrFSPdeJtZdiqRnhdFboJ4rGmEzwiPYMChxS5aWLVWfoxDhDFETSPKHRwv0+keJQqWnom84Q67H6XZubf9V6iQ5qXspEnGgqyPKjIOFIR2h+NxoySYnmUwOYSGZ2RWSMJSbapFMwIXxdiv6HdqXsGr6pFBsXWRx5OIJjOAUXzqEB19CEFhAYwQM8wbPFrUfrxXpdtuasbOYQfsh6+wTjnI2J</latexit><latexit sha1_base64="6aa53uux9CShrpinCCAUFUvNxE4=">AAAB6nicdZDLSsNAFIZP6q3WW9Slm8FWcFWSgrXdFV3osqK9QBvKZDpph04mYWYilNBHcONCEbc+kTvfxmkbQUV/GPj4zznMOb8fc6a043xYuZXVtfWN/GZha3tnd8/eP2irKJGEtkjEI9n1saKcCdrSTHPajSXFoc9px59czuudeyoVi8SdnsbUC/FIsIARrI11W7oqDeyiU65X607NQUs4czOo1pBbdhYqQqbmwH7vDyOShFRowrFSPdeJtZdiqRnhdFboJ4rGmEzwiPYMChxS5aWLVWfoxDhDFETSPKHRwv0+keJQqWnom84Q67H6XZubf9V6iQ5qXspEnGgqyPKjIOFIR2h+NxoySYnmUwOYSGZ2RWSMJSbapFMwIXxdiv6HdqXsGr6pFBsXWRx5OIJjOAUXzqEB19CEFhAYwQM8wbPFrUfrxXpdtuasbOYQfsh6+wTjnI2J</latexit><latexit sha1_base64="6aa53uux9CShrpinCCAUFUvNxE4=">AAAB6nicdZDLSsNAFIZP6q3WW9Slm8FWcFWSgrXdFV3osqK9QBvKZDpph04mYWYilNBHcONCEbc+kTvfxmkbQUV/GPj4zznMOb8fc6a043xYuZXVtfWN/GZha3tnd8/eP2irKJGEtkjEI9n1saKcCdrSTHPajSXFoc9px59czuudeyoVi8SdnsbUC/FIsIARrI11W7oqDeyiU65X607NQUs4czOo1pBbdhYqQqbmwH7vDyOShFRowrFSPdeJtZdiqRnhdFboJ4rGmEzwiPYMChxS5aWLVWfoxDhDFETSPKHRwv0+keJQqWnom84Q67H6XZubf9V6iQ5qXspEnGgqyPKjIOFIR2h+NxoySYnmUwOYSGZ2RWSMJSbapFMwIXxdiv6HdqXsGr6pFBsXWRx5OIJjOAUXzqEB19CEFhAYwQM8wbPFrUfrxXpdtuasbOYQfsh6+wTjnI2J</latexit><latexit sha1_base64="6aa53uux9CShrpinCCAUFUvNxE4=">AAAB6nicdZDLSsNAFIZP6q3WW9Slm8FWcFWSgrXdFV3osqK9QBvKZDpph04mYWYilNBHcONCEbc+kTvfxmkbQUV/GPj4zznMOb8fc6a043xYuZXVtfWN/GZha3tnd8/eP2irKJGEtkjEI9n1saKcCdrSTHPajSXFoc9px59czuudeyoVi8SdnsbUC/FIsIARrI11W7oqDeyiU65X607NQUs4czOo1pBbdhYqQqbmwH7vDyOShFRowrFSPdeJtZdiqRnhdFboJ4rGmEzwiPYMChxS5aWLVWfoxDhDFETSPKHRwv0+keJQqWnom84Q67H6XZubf9V6iQ5qXspEnGgqyPKjIOFIR2h+NxoySYnmUwOYSGZ2RWSMJSbapFMwIXxdiv6HdqXsGr6pFBsXWRx5OIJjOAUXzqEB19CEFhAYwQM8wbPFrUfrxXpdtuasbOYQfsh6+wTjnI2J</latexit>

CP
<latexit sha1_base64="WX6VzxMBJGNrbnA3DiV9B3FpZ6o=">AAAB63icdZDLSgMxFIbPeK31VnXpJtgKrspMwdruit24rGAv0A4lk6ZtaJIZkoxQhr6CGxeKuPWF3Pk2ZtoRVPSHwMd/ziHn/EHEmTau++GsrW9sbm3ndvK7e/sHh4Wj444OY0Vom4Q8VL0Aa8qZpG3DDKe9SFEsAk67wayZ1rv3VGkWyjszj6gv8ESyMSPYpFap2SoNC0W3XK/W3ZqLVnDpZVCtIa/sLlWETK1h4X0wCkksqDSEY637nhsZP8HKMMLpIj+INY0wmeEJ7VuUWFDtJ8tdF+jcOiM0DpV90qCl+30iwULruQhsp8Bmqn/XUvOvWj8245qfMBnFhkqy+mgcc2RClB6ORkxRYvjcAiaK2V0RmWKFibHx5G0IX5ei/6FTKXuWbyvFxnUWRw5O4QwuwIMraMANtKANBKbwAE/w7Ajn0XlxXleta042cwI/5Lx9Anx2jd8=</latexit><latexit sha1_base64="WX6VzxMBJGNrbnA3DiV9B3FpZ6o=">AAAB63icdZDLSgMxFIbPeK31VnXpJtgKrspMwdruit24rGAv0A4lk6ZtaJIZkoxQhr6CGxeKuPWF3Pk2ZtoRVPSHwMd/ziHn/EHEmTau++GsrW9sbm3ndvK7e/sHh4Wj444OY0Vom4Q8VL0Aa8qZpG3DDKe9SFEsAk67wayZ1rv3VGkWyjszj6gv8ESyMSPYpFap2SoNC0W3XK/W3ZqLVnDpZVCtIa/sLlWETK1h4X0wCkksqDSEY637nhsZP8HKMMLpIj+INY0wmeEJ7VuUWFDtJ8tdF+jcOiM0DpV90qCl+30iwULruQhsp8Bmqn/XUvOvWj8245qfMBnFhkqy+mgcc2RClB6ORkxRYvjcAiaK2V0RmWKFibHx5G0IX5ei/6FTKXuWbyvFxnUWRw5O4QwuwIMraMANtKANBKbwAE/w7Ajn0XlxXleta042cwI/5Lx9Anx2jd8=</latexit><latexit sha1_base64="WX6VzxMBJGNrbnA3DiV9B3FpZ6o=">AAAB63icdZDLSgMxFIbPeK31VnXpJtgKrspMwdruit24rGAv0A4lk6ZtaJIZkoxQhr6CGxeKuPWF3Pk2ZtoRVPSHwMd/ziHn/EHEmTau++GsrW9sbm3ndvK7e/sHh4Wj444OY0Vom4Q8VL0Aa8qZpG3DDKe9SFEsAk67wayZ1rv3VGkWyjszj6gv8ESyMSPYpFap2SoNC0W3XK/W3ZqLVnDpZVCtIa/sLlWETK1h4X0wCkksqDSEY637nhsZP8HKMMLpIj+INY0wmeEJ7VuUWFDtJ8tdF+jcOiM0DpV90qCl+30iwULruQhsp8Bmqn/XUvOvWj8245qfMBnFhkqy+mgcc2RClB6ORkxRYvjcAiaK2V0RmWKFibHx5G0IX5ei/6FTKXuWbyvFxnUWRw5O4QwuwIMraMANtKANBKbwAE/w7Ajn0XlxXleta042cwI/5Lx9Anx2jd8=</latexit><latexit sha1_base64="WX6VzxMBJGNrbnA3DiV9B3FpZ6o=">AAAB63icdZDLSgMxFIbPeK31VnXpJtgKrspMwdruit24rGAv0A4lk6ZtaJIZkoxQhr6CGxeKuPWF3Pk2ZtoRVPSHwMd/ziHn/EHEmTau++GsrW9sbm3ndvK7e/sHh4Wj444OY0Vom4Q8VL0Aa8qZpG3DDKe9SFEsAk67wayZ1rv3VGkWyjszj6gv8ESyMSPYpFap2SoNC0W3XK/W3ZqLVnDpZVCtIa/sLlWETK1h4X0wCkksqDSEY637nhsZP8HKMMLpIj+INY0wmeEJ7VuUWFDtJ8tdF+jcOiM0DpV90qCl+30iwULruQhsp8Bmqn/XUvOvWj8245qfMBnFhkqy+mgcc2RClB6ORkxRYvjcAiaK2V0RmWKFibHx5G0IX5ei/6FTKXuWbyvFxnUWRw5O4QwuwIMraMANtKANBKbwAE/w7Ajn0XlxXleta042cwI/5Lx9Anx2jd8=</latexit>

TP<latexit sha1_base64="ztNm5vx0N+dLmK2l7j7+lZoXkZs=">AAAB63icdZDLSgMxFIbPeK31VnXpJtgKrspMwdruim5cVugN2qFk0kwbmmSGJCOUoa/gxoUibn0hd76NaTuCiv4Q+PjPOeScP4g508Z1P5y19Y3Nre3cTn53b//gsHB03NFRoghtk4hHqhdgTTmTtG2Y4bQXK4pFwGk3mN4s6t17qjSLZMvMYuoLPJYsZASbhVVqNUvDQtEt16t1t+aiFVx6GVRryCu7SxUhU3NYeB+MIpIIKg3hWOu+58bGT7EyjHA6zw8STWNMpnhM+xYlFlT76XLXOTq3zgiFkbJPGrR0v0+kWGg9E4HtFNhM9O/awvyr1k9MWPNTJuPEUElWH4UJRyZCi8PRiClKDJ9ZwEQxuysiE6wwMTaevA3h61L0P3QqZc/yXaXYuM7iyMEpnMEFeHAFDbiFJrSBwAQe4AmeHeE8Oi/O66p1zclmTuCHnLdPllyN8A==</latexit><latexit sha1_base64="ztNm5vx0N+dLmK2l7j7+lZoXkZs=">AAAB63icdZDLSgMxFIbPeK31VnXpJtgKrspMwdruim5cVugN2qFk0kwbmmSGJCOUoa/gxoUibn0hd76NaTuCiv4Q+PjPOeScP4g508Z1P5y19Y3Nre3cTn53b//gsHB03NFRoghtk4hHqhdgTTmTtG2Y4bQXK4pFwGk3mN4s6t17qjSLZMvMYuoLPJYsZASbhVVqNUvDQtEt16t1t+aiFVx6GVRryCu7SxUhU3NYeB+MIpIIKg3hWOu+58bGT7EyjHA6zw8STWNMpnhM+xYlFlT76XLXOTq3zgiFkbJPGrR0v0+kWGg9E4HtFNhM9O/awvyr1k9MWPNTJuPEUElWH4UJRyZCi8PRiClKDJ9ZwEQxuysiE6wwMTaevA3h61L0P3QqZc/yXaXYuM7iyMEpnMEFeHAFDbiFJrSBwAQe4AmeHeE8Oi/O66p1zclmTuCHnLdPllyN8A==</latexit><latexit sha1_base64="ztNm5vx0N+dLmK2l7j7+lZoXkZs=">AAAB63icdZDLSgMxFIbPeK31VnXpJtgKrspMwdruim5cVugN2qFk0kwbmmSGJCOUoa/gxoUibn0hd76NaTuCiv4Q+PjPOeScP4g508Z1P5y19Y3Nre3cTn53b//gsHB03NFRoghtk4hHqhdgTTmTtG2Y4bQXK4pFwGk3mN4s6t17qjSLZMvMYuoLPJYsZASbhVVqNUvDQtEt16t1t+aiFVx6GVRryCu7SxUhU3NYeB+MIpIIKg3hWOu+58bGT7EyjHA6zw8STWNMpnhM+xYlFlT76XLXOTq3zgiFkbJPGrR0v0+kWGg9E4HtFNhM9O/awvyr1k9MWPNTJuPEUElWH4UJRyZCi8PRiClKDJ9ZwEQxuysiE6wwMTaevA3h61L0P3QqZc/yXaXYuM7iyMEpnMEFeHAFDbiFJrSBwAQe4AmeHeE8Oi/O66p1zclmTuCHnLdPllyN8A==</latexit><latexit sha1_base64="ztNm5vx0N+dLmK2l7j7+lZoXkZs=">AAAB63icdZDLSgMxFIbPeK31VnXpJtgKrspMwdruim5cVugN2qFk0kwbmmSGJCOUoa/gxoUibn0hd76NaTuCiv4Q+PjPOeScP4g508Z1P5y19Y3Nre3cTn53b//gsHB03NFRoghtk4hHqhdgTTmTtG2Y4bQXK4pFwGk3mN4s6t17qjSLZMvMYuoLPJYsZASbhVVqNUvDQtEt16t1t+aiFVx6GVRryCu7SxUhU3NYeB+MIpIIKg3hWOu+58bGT7EyjHA6zw8STWNMpnhM+xYlFlT76XLXOTq3zgiFkbJPGrR0v0+kWGg9E4HtFNhM9O/awvyr1k9MWPNTJuPEUElWH4UJRyZCi8PRiClKDJ9ZwEQxuysiE6wwMTaevA3h61L0P3QqZc/yXaXYuM7iyMEpnMEFeHAFDbiFJrSBwAQe4AmeHeE8Oi/O66p1zclmTuCHnLdPllyN8A==</latexit>

Topological conformal phase transition

Renormalization group flow



g
<latexit sha1_base64="SaW0kQ4LKJa0+JV3WeM0KujAflc=">AAAB6nicdZDLSsNAFIZP6q3WW9Wlm8FWcFWSQmu7K7pxWdFeoA1lMp2kQyeTMDMRSugjuHGhiFufyJ1v47SNoKI/DHz85xzmnN+LOVPatj+s3Nr6xuZWfruws7u3f1A8POqqKJGEdkjEI9n3sKKcCdrRTHPajyXFocdpz5teLeq9eyoVi8SdnsXUDXEgmM8I1sa6LQflUbFkV5r1pt2w0QpqTgb1BnIq9lIlyNQeFd+H44gkIRWacKzUwLFj7aZYakY4nReGiaIxJlMc0IFBgUOq3HS56hydGWeM/EiaJzRaut8nUhwqNQs90xliPVG/awvzr9og0X7DTZmIE00FWX3kJxzpCC3uRmMmKdF8ZgATycyuiEywxESbdAomhK9L0f/QrVYcwzfVUusyiyMPJ3AK5+DABbTgGtrQAQIBPMATPFvcerRerNdVa87KZo7hh6y3TxRLjak=</latexit><latexit sha1_base64="SaW0kQ4LKJa0+JV3WeM0KujAflc=">AAAB6nicdZDLSsNAFIZP6q3WW9Wlm8FWcFWSQmu7K7pxWdFeoA1lMp2kQyeTMDMRSugjuHGhiFufyJ1v47SNoKI/DHz85xzmnN+LOVPatj+s3Nr6xuZWfruws7u3f1A8POqqKJGEdkjEI9n3sKKcCdrRTHPajyXFocdpz5teLeq9eyoVi8SdnsXUDXEgmM8I1sa6LQflUbFkV5r1pt2w0QpqTgb1BnIq9lIlyNQeFd+H44gkIRWacKzUwLFj7aZYakY4nReGiaIxJlMc0IFBgUOq3HS56hydGWeM/EiaJzRaut8nUhwqNQs90xliPVG/awvzr9og0X7DTZmIE00FWX3kJxzpCC3uRmMmKdF8ZgATycyuiEywxESbdAomhK9L0f/QrVYcwzfVUusyiyMPJ3AK5+DABbTgGtrQAQIBPMATPFvcerRerNdVa87KZo7hh6y3TxRLjak=</latexit><latexit sha1_base64="SaW0kQ4LKJa0+JV3WeM0KujAflc=">AAAB6nicdZDLSsNAFIZP6q3WW9Wlm8FWcFWSQmu7K7pxWdFeoA1lMp2kQyeTMDMRSugjuHGhiFufyJ1v47SNoKI/DHz85xzmnN+LOVPatj+s3Nr6xuZWfruws7u3f1A8POqqKJGEdkjEI9n3sKKcCdrRTHPajyXFocdpz5teLeq9eyoVi8SdnsXUDXEgmM8I1sa6LQflUbFkV5r1pt2w0QpqTgb1BnIq9lIlyNQeFd+H44gkIRWacKzUwLFj7aZYakY4nReGiaIxJlMc0IFBgUOq3HS56hydGWeM/EiaJzRaut8nUhwqNQs90xliPVG/awvzr9og0X7DTZmIE00FWX3kJxzpCC3uRmMmKdF8ZgATycyuiEywxESbdAomhK9L0f/QrVYcwzfVUusyiyMPJ3AK5+DABbTgGtrQAQIBPMATPFvcerRerNdVa87KZo7hh6y3TxRLjak=</latexit><latexit sha1_base64="SaW0kQ4LKJa0+JV3WeM0KujAflc=">AAAB6nicdZDLSsNAFIZP6q3WW9Wlm8FWcFWSQmu7K7pxWdFeoA1lMp2kQyeTMDMRSugjuHGhiFufyJ1v47SNoKI/DHz85xzmnN+LOVPatj+s3Nr6xuZWfruws7u3f1A8POqqKJGEdkjEI9n3sKKcCdrRTHPajyXFocdpz5teLeq9eyoVi8SdnsXUDXEgmM8I1sa6LQflUbFkV5r1pt2w0QpqTgb1BnIq9lIlyNQeFd+H44gkIRWacKzUwLFj7aZYakY4nReGiaIxJlMc0IFBgUOq3HS56hydGWeM/EiaJzRaut8nUhwqNQs90xliPVG/awvzr9og0X7DTZmIE00FWX3kJxzpCC3uRmMmKdF8ZgATycyuiEywxESbdAomhK9L0f/QrVYcwzfVUusyiyMPJ3AK5+DABbTgGtrQAQIBPMATPFvcerRerNdVa87KZo7hh6y3TxRLjak=</latexit>

e2
<latexit sha1_base64="/b5H3U63H7QmgD3eVzOk9JCRyZs=">AAAB7HicdZDLSgMxFIbPeK31VnXpJtgKrspMwdruim5cVrAXaMeSSc+0oZnMkGSEUvoMblwo4tYHcufbmF4EFf0h8PGfc8g5f5AIro3rfjgrq2vrG5uZrez2zu7efu7gsKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0dWs3rpHpXksb804QT+iA8lDzqixVqOAd6VCL5d3i9Vy1a24ZAHn3hLKFeIV3bnysFS9l3vv9mOWRigNE1Trjucmxp9QZTgTOM12U40JZSM6wI5FSSPU/mS+7JScWqdPwljZJw2Zu98nJjTSehwFtjOiZqh/12bmX7VOasKKP+EySQ1KtvgoTAUxMZldTvpcITNibIEyxe2uhA2poszYfLI2hK9Lyf/QLBU9yzelfO1yGUcGjuEEzsCDC6jBNdShAQw4PMATPDvSeXRenNdF64qznDmCH3LePgE3Yo5L</latexit><latexit sha1_base64="/b5H3U63H7QmgD3eVzOk9JCRyZs=">AAAB7HicdZDLSgMxFIbPeK31VnXpJtgKrspMwdruim5cVrAXaMeSSc+0oZnMkGSEUvoMblwo4tYHcufbmF4EFf0h8PGfc8g5f5AIro3rfjgrq2vrG5uZrez2zu7efu7gsKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0dWs3rpHpXksb804QT+iA8lDzqixVqOAd6VCL5d3i9Vy1a24ZAHn3hLKFeIV3bnysFS9l3vv9mOWRigNE1Trjucmxp9QZTgTOM12U40JZSM6wI5FSSPU/mS+7JScWqdPwljZJw2Zu98nJjTSehwFtjOiZqh/12bmX7VOasKKP+EySQ1KtvgoTAUxMZldTvpcITNibIEyxe2uhA2poszYfLI2hK9Lyf/QLBU9yzelfO1yGUcGjuEEzsCDC6jBNdShAQw4PMATPDvSeXRenNdF64qznDmCH3LePgE3Yo5L</latexit><latexit sha1_base64="/b5H3U63H7QmgD3eVzOk9JCRyZs=">AAAB7HicdZDLSgMxFIbPeK31VnXpJtgKrspMwdruim5cVrAXaMeSSc+0oZnMkGSEUvoMblwo4tYHcufbmF4EFf0h8PGfc8g5f5AIro3rfjgrq2vrG5uZrez2zu7efu7gsKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0dWs3rpHpXksb804QT+iA8lDzqixVqOAd6VCL5d3i9Vy1a24ZAHn3hLKFeIV3bnysFS9l3vv9mOWRigNE1Trjucmxp9QZTgTOM12U40JZSM6wI5FSSPU/mS+7JScWqdPwljZJw2Zu98nJjTSehwFtjOiZqh/12bmX7VOasKKP+EySQ1KtvgoTAUxMZldTvpcITNibIEyxe2uhA2poszYfLI2hK9Lyf/QLBU9yzelfO1yGUcGjuEEzsCDC6jBNdShAQw4PMATPDvSeXRenNdF64qznDmCH3LePgE3Yo5L</latexit><latexit sha1_base64="/b5H3U63H7QmgD3eVzOk9JCRyZs=">AAAB7HicdZDLSgMxFIbPeK31VnXpJtgKrspMwdruim5cVrAXaMeSSc+0oZnMkGSEUvoMblwo4tYHcufbmF4EFf0h8PGfc8g5f5AIro3rfjgrq2vrG5uZrez2zu7efu7gsKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0dWs3rpHpXksb804QT+iA8lDzqixVqOAd6VCL5d3i9Vy1a24ZAHn3hLKFeIV3bnysFS9l3vv9mOWRigNE1Trjucmxp9QZTgTOM12U40JZSM6wI5FSSPU/mS+7JScWqdPwljZJw2Zu98nJjTSehwFtjOiZqh/12bmX7VOasKKP+EySQ1KtvgoTAUxMZldTvpcITNibIEyxe2uhA2poszYfLI2hK9Lyf/QLBU9yzelfO1yGUcGjuEEzsCDC6jBNdShAQw4PMATPDvSeXRenNdF64qznDmCH3LePgE3Yo5L</latexit>

O(2N)
<latexit sha1_base64="rEWToSnQH3dPlzHF1O8tvxd9Q3M=">AAAB7nicdZDLSgMxFIbP1Futt6pLN8FWqJsyU7C2u6IbV1rBXqAdSibNtKGZzJBkhDL0Idy4UMStz+POtzFtR1DRHwIf/zmHnPN7EWdK2/aHlVlZXVvfyG7mtrZ3dvfy+wdtFcaS0BYJeSi7HlaUM0FbmmlOu5GkOPA47XiTy3m9c0+lYqG409OIugEeCeYzgrWxOsWbUuX6tDjIF+xyvVq3azZawpmTQrWGnLK9UAFSNQf59/4wJHFAhSYcK9Vz7Ei7CZaaEU5nuX6saITJBI9oz6DAAVVuslh3hk6MM0R+KM0TGi3c7xMJDpSaBp7pDLAeq9+1uflXrRdrv+YmTESxpoIsP/JjjnSI5rejIZOUaD41gIlkZldExlhiok1CORPC16Xof2hXyo7h20qhcZHGkYUjOIYSOHAODbiCJrSAwAQe4Amerch6tF6s12VrxkpnDuGHrLdPxBmOig==</latexit><latexit sha1_base64="rEWToSnQH3dPlzHF1O8tvxd9Q3M=">AAAB7nicdZDLSgMxFIbP1Futt6pLN8FWqJsyU7C2u6IbV1rBXqAdSibNtKGZzJBkhDL0Idy4UMStz+POtzFtR1DRHwIf/zmHnPN7EWdK2/aHlVlZXVvfyG7mtrZ3dvfy+wdtFcaS0BYJeSi7HlaUM0FbmmlOu5GkOPA47XiTy3m9c0+lYqG409OIugEeCeYzgrWxOsWbUuX6tDjIF+xyvVq3azZawpmTQrWGnLK9UAFSNQf59/4wJHFAhSYcK9Vz7Ei7CZaaEU5nuX6saITJBI9oz6DAAVVuslh3hk6MM0R+KM0TGi3c7xMJDpSaBp7pDLAeq9+1uflXrRdrv+YmTESxpoIsP/JjjnSI5rejIZOUaD41gIlkZldExlhiok1CORPC16Xof2hXyo7h20qhcZHGkYUjOIYSOHAODbiCJrSAwAQe4Amerch6tF6s12VrxkpnDuGHrLdPxBmOig==</latexit><latexit sha1_base64="rEWToSnQH3dPlzHF1O8tvxd9Q3M=">AAAB7nicdZDLSgMxFIbP1Futt6pLN8FWqJsyU7C2u6IbV1rBXqAdSibNtKGZzJBkhDL0Idy4UMStz+POtzFtR1DRHwIf/zmHnPN7EWdK2/aHlVlZXVvfyG7mtrZ3dvfy+wdtFcaS0BYJeSi7HlaUM0FbmmlOu5GkOPA47XiTy3m9c0+lYqG409OIugEeCeYzgrWxOsWbUuX6tDjIF+xyvVq3azZawpmTQrWGnLK9UAFSNQf59/4wJHFAhSYcK9Vz7Ei7CZaaEU5nuX6saITJBI9oz6DAAVVuslh3hk6MM0R+KM0TGi3c7xMJDpSaBp7pDLAeq9+1uflXrRdrv+YmTESxpoIsP/JjjnSI5rejIZOUaD41gIlkZldExlhiok1CORPC16Xof2hXyo7h20qhcZHGkYUjOIYSOHAODbiCJrSAwAQe4Amerch6tF6s12VrxkpnDuGHrLdPxBmOig==</latexit><latexit sha1_base64="rEWToSnQH3dPlzHF1O8tvxd9Q3M=">AAAB7nicdZDLSgMxFIbP1Futt6pLN8FWqJsyU7C2u6IbV1rBXqAdSibNtKGZzJBkhDL0Idy4UMStz+POtzFtR1DRHwIf/zmHnPN7EWdK2/aHlVlZXVvfyG7mtrZ3dvfy+wdtFcaS0BYJeSi7HlaUM0FbmmlOu5GkOPA47XiTy3m9c0+lYqG409OIugEeCeYzgrWxOsWbUuX6tDjIF+xyvVq3azZawpmTQrWGnLK9UAFSNQf59/4wJHFAhSYcK9Vz7Ei7CZaaEU5nuX6saITJBI9oz6DAAVVuslh3hk6MM0R+KM0TGi3c7xMJDpSaBp7pDLAeq9+1uflXrRdrv+YmTESxpoIsP/JjjnSI5rejIZOUaD41gIlkZldExlhiok1CORPC16Xof2hXyo7h20qhcZHGkYUjOIYSOHAODbiCJrSAwAQe4Amerch6tF6s12VrxkpnDuGHrLdPxBmOig==</latexit>

G
<latexit sha1_base64="6aa53uux9CShrpinCCAUFUvNxE4=">AAAB6nicdZDLSsNAFIZP6q3WW9Slm8FWcFWSgrXdFV3osqK9QBvKZDpph04mYWYilNBHcONCEbc+kTvfxmkbQUV/GPj4zznMOb8fc6a043xYuZXVtfWN/GZha3tnd8/eP2irKJGEtkjEI9n1saKcCdrSTHPajSXFoc9px59czuudeyoVi8SdnsbUC/FIsIARrI11W7oqDeyiU65X607NQUs4czOo1pBbdhYqQqbmwH7vDyOShFRowrFSPdeJtZdiqRnhdFboJ4rGmEzwiPYMChxS5aWLVWfoxDhDFETSPKHRwv0+keJQqWnom84Q67H6XZubf9V6iQ5qXspEnGgqyPKjIOFIR2h+NxoySYnmUwOYSGZ2RWSMJSbapFMwIXxdiv6HdqXsGr6pFBsXWRx5OIJjOAUXzqEB19CEFhAYwQM8wbPFrUfrxXpdtuasbOYQfsh6+wTjnI2J</latexit><latexit sha1_base64="6aa53uux9CShrpinCCAUFUvNxE4=">AAAB6nicdZDLSsNAFIZP6q3WW9Slm8FWcFWSgrXdFV3osqK9QBvKZDpph04mYWYilNBHcONCEbc+kTvfxmkbQUV/GPj4zznMOb8fc6a043xYuZXVtfWN/GZha3tnd8/eP2irKJGEtkjEI9n1saKcCdrSTHPajSXFoc9px59czuudeyoVi8SdnsbUC/FIsIARrI11W7oqDeyiU65X607NQUs4czOo1pBbdhYqQqbmwH7vDyOShFRowrFSPdeJtZdiqRnhdFboJ4rGmEzwiPYMChxS5aWLVWfoxDhDFETSPKHRwv0+keJQqWnom84Q67H6XZubf9V6iQ5qXspEnGgqyPKjIOFIR2h+NxoySYnmUwOYSGZ2RWSMJSbapFMwIXxdiv6HdqXsGr6pFBsXWRx5OIJjOAUXzqEB19CEFhAYwQM8wbPFrUfrxXpdtuasbOYQfsh6+wTjnI2J</latexit><latexit sha1_base64="6aa53uux9CShrpinCCAUFUvNxE4=">AAAB6nicdZDLSsNAFIZP6q3WW9Slm8FWcFWSgrXdFV3osqK9QBvKZDpph04mYWYilNBHcONCEbc+kTvfxmkbQUV/GPj4zznMOb8fc6a043xYuZXVtfWN/GZha3tnd8/eP2irKJGEtkjEI9n1saKcCdrSTHPajSXFoc9px59czuudeyoVi8SdnsbUC/FIsIARrI11W7oqDeyiU65X607NQUs4czOo1pBbdhYqQqbmwH7vDyOShFRowrFSPdeJtZdiqRnhdFboJ4rGmEzwiPYMChxS5aWLVWfoxDhDFETSPKHRwv0+keJQqWnom84Q67H6XZubf9V6iQ5qXspEnGgqyPKjIOFIR2h+NxoySYnmUwOYSGZ2RWSMJSbapFMwIXxdiv6HdqXsGr6pFBsXWRx5OIJjOAUXzqEB19CEFhAYwQM8wbPFrUfrxXpdtuasbOYQfsh6+wTjnI2J</latexit><latexit sha1_base64="6aa53uux9CShrpinCCAUFUvNxE4=">AAAB6nicdZDLSsNAFIZP6q3WW9Slm8FWcFWSgrXdFV3osqK9QBvKZDpph04mYWYilNBHcONCEbc+kTvfxmkbQUV/GPj4zznMOb8fc6a043xYuZXVtfWN/GZha3tnd8/eP2irKJGEtkjEI9n1saKcCdrSTHPajSXFoc9px59czuudeyoVi8SdnsbUC/FIsIARrI11W7oqDeyiU65X607NQUs4czOo1pBbdhYqQqbmwH7vDyOShFRowrFSPdeJtZdiqRnhdFboJ4rGmEzwiPYMChxS5aWLVWfoxDhDFETSPKHRwv0+keJQqWnom84Q67H6XZubf9V6iQ5qXspEnGgqyPKjIOFIR2h+NxoySYnmUwOYSGZ2RWSMJSbapFMwIXxdiv6HdqXsGr6pFBsXWRx5OIJjOAUXzqEB19CEFhAYwQM8wbPFrUfrxXpdtuasbOYQfsh6+wTjnI2J</latexit>

CP
<latexit sha1_base64="WX6VzxMBJGNrbnA3DiV9B3FpZ6o=">AAAB63icdZDLSgMxFIbPeK31VnXpJtgKrspMwdruit24rGAv0A4lk6ZtaJIZkoxQhr6CGxeKuPWF3Pk2ZtoRVPSHwMd/ziHn/EHEmTau++GsrW9sbm3ndvK7e/sHh4Wj444OY0Vom4Q8VL0Aa8qZpG3DDKe9SFEsAk67wayZ1rv3VGkWyjszj6gv8ESyMSPYpFap2SoNC0W3XK/W3ZqLVnDpZVCtIa/sLlWETK1h4X0wCkksqDSEY637nhsZP8HKMMLpIj+INY0wmeEJ7VuUWFDtJ8tdF+jcOiM0DpV90qCl+30iwULruQhsp8Bmqn/XUvOvWj8245qfMBnFhkqy+mgcc2RClB6ORkxRYvjcAiaK2V0RmWKFibHx5G0IX5ei/6FTKXuWbyvFxnUWRw5O4QwuwIMraMANtKANBKbwAE/w7Ajn0XlxXleta042cwI/5Lx9Anx2jd8=</latexit><latexit sha1_base64="WX6VzxMBJGNrbnA3DiV9B3FpZ6o=">AAAB63icdZDLSgMxFIbPeK31VnXpJtgKrspMwdruit24rGAv0A4lk6ZtaJIZkoxQhr6CGxeKuPWF3Pk2ZtoRVPSHwMd/ziHn/EHEmTau++GsrW9sbm3ndvK7e/sHh4Wj444OY0Vom4Q8VL0Aa8qZpG3DDKe9SFEsAk67wayZ1rv3VGkWyjszj6gv8ESyMSPYpFap2SoNC0W3XK/W3ZqLVnDpZVCtIa/sLlWETK1h4X0wCkksqDSEY637nhsZP8HKMMLpIj+INY0wmeEJ7VuUWFDtJ8tdF+jcOiM0DpV90qCl+30iwULruQhsp8Bmqn/XUvOvWj8245qfMBnFhkqy+mgcc2RClB6ORkxRYvjcAiaK2V0RmWKFibHx5G0IX5ei/6FTKXuWbyvFxnUWRw5O4QwuwIMraMANtKANBKbwAE/w7Ajn0XlxXleta042cwI/5Lx9Anx2jd8=</latexit><latexit sha1_base64="WX6VzxMBJGNrbnA3DiV9B3FpZ6o=">AAAB63icdZDLSgMxFIbPeK31VnXpJtgKrspMwdruit24rGAv0A4lk6ZtaJIZkoxQhr6CGxeKuPWF3Pk2ZtoRVPSHwMd/ziHn/EHEmTau++GsrW9sbm3ndvK7e/sHh4Wj444OY0Vom4Q8VL0Aa8qZpG3DDKe9SFEsAk67wayZ1rv3VGkWyjszj6gv8ESyMSPYpFap2SoNC0W3XK/W3ZqLVnDpZVCtIa/sLlWETK1h4X0wCkksqDSEY637nhsZP8HKMMLpIj+INY0wmeEJ7VuUWFDtJ8tdF+jcOiM0DpV90qCl+30iwULruQhsp8Bmqn/XUvOvWj8245qfMBnFhkqy+mgcc2RClB6ORkxRYvjcAiaK2V0RmWKFibHx5G0IX5ei/6FTKXuWbyvFxnUWRw5O4QwuwIMraMANtKANBKbwAE/w7Ajn0XlxXleta042cwI/5Lx9Anx2jd8=</latexit><latexit sha1_base64="WX6VzxMBJGNrbnA3DiV9B3FpZ6o=">AAAB63icdZDLSgMxFIbPeK31VnXpJtgKrspMwdruit24rGAv0A4lk6ZtaJIZkoxQhr6CGxeKuPWF3Pk2ZtoRVPSHwMd/ziHn/EHEmTau++GsrW9sbm3ndvK7e/sHh4Wj444OY0Vom4Q8VL0Aa8qZpG3DDKe9SFEsAk67wayZ1rv3VGkWyjszj6gv8ESyMSPYpFap2SoNC0W3XK/W3ZqLVnDpZVCtIa/sLlWETK1h4X0wCkksqDSEY637nhsZP8HKMMLpIj+INY0wmeEJ7VuUWFDtJ8tdF+jcOiM0DpV90qCl+30iwULruQhsp8Bmqn/XUvOvWj8245qfMBnFhkqy+mgcc2RClB6ORkxRYvjcAiaK2V0RmWKFibHx5G0IX5ei/6FTKXuWbyvFxnUWRw5O4QwuwIMraMANtKANBKbwAE/w7Ajn0XlxXleta042cwI/5Lx9Anx2jd8=</latexit>

TP<latexit sha1_base64="ztNm5vx0N+dLmK2l7j7+lZoXkZs=">AAAB63icdZDLSgMxFIbPeK31VnXpJtgKrspMwdruim5cVugN2qFk0kwbmmSGJCOUoa/gxoUibn0hd76NaTuCiv4Q+PjPOeScP4g508Z1P5y19Y3Nre3cTn53b//gsHB03NFRoghtk4hHqhdgTTmTtG2Y4bQXK4pFwGk3mN4s6t17qjSLZMvMYuoLPJYsZASbhVVqNUvDQtEt16t1t+aiFVx6GVRryCu7SxUhU3NYeB+MIpIIKg3hWOu+58bGT7EyjHA6zw8STWNMpnhM+xYlFlT76XLXOTq3zgiFkbJPGrR0v0+kWGg9E4HtFNhM9O/awvyr1k9MWPNTJuPEUElWH4UJRyZCi8PRiClKDJ9ZwEQxuysiE6wwMTaevA3h61L0P3QqZc/yXaXYuM7iyMEpnMEFeHAFDbiFJrSBwAQe4AmeHeE8Oi/O66p1zclmTuCHnLdPllyN8A==</latexit><latexit sha1_base64="ztNm5vx0N+dLmK2l7j7+lZoXkZs=">AAAB63icdZDLSgMxFIbPeK31VnXpJtgKrspMwdruim5cVugN2qFk0kwbmmSGJCOUoa/gxoUibn0hd76NaTuCiv4Q+PjPOeScP4g508Z1P5y19Y3Nre3cTn53b//gsHB03NFRoghtk4hHqhdgTTmTtG2Y4bQXK4pFwGk3mN4s6t17qjSLZMvMYuoLPJYsZASbhVVqNUvDQtEt16t1t+aiFVx6GVRryCu7SxUhU3NYeB+MIpIIKg3hWOu+58bGT7EyjHA6zw8STWNMpnhM+xYlFlT76XLXOTq3zgiFkbJPGrR0v0+kWGg9E4HtFNhM9O/awvyr1k9MWPNTJuPEUElWH4UJRyZCi8PRiClKDJ9ZwEQxuysiE6wwMTaevA3h61L0P3QqZc/yXaXYuM7iyMEpnMEFeHAFDbiFJrSBwAQe4AmeHeE8Oi/O66p1zclmTuCHnLdPllyN8A==</latexit><latexit sha1_base64="ztNm5vx0N+dLmK2l7j7+lZoXkZs=">AAAB63icdZDLSgMxFIbPeK31VnXpJtgKrspMwdruim5cVugN2qFk0kwbmmSGJCOUoa/gxoUibn0hd76NaTuCiv4Q+PjPOeScP4g508Z1P5y19Y3Nre3cTn53b//gsHB03NFRoghtk4hHqhdgTTmTtG2Y4bQXK4pFwGk3mN4s6t17qjSLZMvMYuoLPJYsZASbhVVqNUvDQtEt16t1t+aiFVx6GVRryCu7SxUhU3NYeB+MIpIIKg3hWOu+58bGT7EyjHA6zw8STWNMpnhM+xYlFlT76XLXOTq3zgiFkbJPGrR0v0+kWGg9E4HtFNhM9O/awvyr1k9MWPNTJuPEUElWH4UJRyZCi8PRiClKDJ9ZwEQxuysiE6wwMTaevA3h61L0P3QqZc/yXaXYuM7iyMEpnMEFeHAFDbiFJrSBwAQe4AmeHeE8Oi/O66p1zclmTuCHnLdPllyN8A==</latexit><latexit sha1_base64="ztNm5vx0N+dLmK2l7j7+lZoXkZs=">AAAB63icdZDLSgMxFIbPeK31VnXpJtgKrspMwdruim5cVugN2qFk0kwbmmSGJCOUoa/gxoUibn0hd76NaTuCiv4Q+PjPOeScP4g508Z1P5y19Y3Nre3cTn53b//gsHB03NFRoghtk4hHqhdgTTmTtG2Y4bQXK4pFwGk3mN4s6t17qjSLZMvMYuoLPJYsZASbhVVqNUvDQtEt16t1t+aiFVx6GVRryCu7SxUhU3NYeB+MIpIIKg3hWOu+58bGT7EyjHA6zw8STWNMpnhM+xYlFlT76XLXOTq3zgiFkbJPGrR0v0+kWGg9E4HtFNhM9O/awvyr1k9MWPNTJuPEUElWH4UJRyZCi8PRiClKDJ9ZwEQxuysiE6wwMTaevA3h61L0P3QqZc/yXaXYuM7iyMEpnMEFeHAFDbiFJrSBwAQe4AmeHeE8Oi/O66p1zclmTuCHnLdPllyN8A==</latexit>

Topological conformal phase transition

Renormalization group flow

Strong-coupling (IR) regime
(|p| ⌧ e2⇤)

<latexit sha1_base64="A7Hg3piW9HeV/XP8kjTNzqGA/mg="></latexit><latexit sha1_base64="A7Hg3piW9HeV/XP8kjTNzqGA/mg="></latexit><latexit sha1_base64="A7Hg3piW9HeV/XP8kjTNzqGA/mg="></latexit><latexit sha1_base64="A7Hg3piW9HeV/XP8kjTNzqGA/mg="></latexit>



Topological conformal phase transition

RG equation

�(g) = µ dg
dµ =

�
N+4
8

� ⇥
�⌦+ (g � g⇤)2

⇤
<latexit sha1_base64="WR3jyb4O9gQTt0F4Whh1fpKKvVo="></latexit><latexit sha1_base64="WR3jyb4O9gQTt0F4Whh1fpKKvVo="></latexit><latexit sha1_base64="WR3jyb4O9gQTt0F4Whh1fpKKvVo="></latexit><latexit sha1_base64="WR3jyb4O9gQTt0F4Whh1fpKKvVo="></latexit>

g⇤ = 4
N+4

�
8

3⇡2N � 1� 8
N

�
<latexit sha1_base64="SYVAzqfck8uUa49Da7AbnuEeoOI="></latexit><latexit sha1_base64="SYVAzqfck8uUa49Da7AbnuEeoOI="></latexit><latexit sha1_base64="SYVAzqfck8uUa49Da7AbnuEeoOI="></latexit><latexit sha1_base64="SYVAzqfck8uUa49Da7AbnuEeoOI="></latexit>

⌦ =
�

8
3⇡2N � 1� 8

N

�2 � 48
N

�
1 + 4

N

�
<latexit sha1_base64="FRzeldEABhgeiFKfpZr7pFNIM7M="></latexit><latexit sha1_base64="FRzeldEABhgeiFKfpZr7pFNIM7M="></latexit><latexit sha1_base64="FRzeldEABhgeiFKfpZr7pFNIM7M="></latexit><latexit sha1_base64="FRzeldEABhgeiFKfpZr7pFNIM7M="></latexit>

• Quantum criticality: ⌦ > 0

• Conformality lost: ⌦ < 0

=) g± = g⇤ ± i
p

|⌦|
<latexit sha1_base64="SB8VRHYA7a/ZWi0SdbTSkHhHA9g="></latexit><latexit sha1_base64="SB8VRHYA7a/ZWi0SdbTSkHhHA9g="></latexit><latexit sha1_base64="SB8VRHYA7a/ZWi0SdbTSkHhHA9g="></latexit><latexit sha1_base64="SB8VRHYA7a/ZWi0SdbTSkHhHA9g="></latexit>



Topological conformal phase transition

Conformality lost phase:

3⇡2

8

h
N + 8� 4

p
3(N + 4)

i
<  < 3⇡2

8

h
N + 8 + 4

p
3(N + 4)

i

<latexit sha1_base64="5416vZc9bIhzyROAWoJTX9AGzoo="></latexit><latexit sha1_base64="5416vZc9bIhzyROAWoJTX9AGzoo="></latexit><latexit sha1_base64="5416vZc9bIhzyROAWoJTX9AGzoo="></latexit><latexit sha1_base64="5416vZc9bIhzyROAWoJTX9AGzoo="></latexit>

⇤IR
⇤UV

⇡ exp


� 8⇡

(N+4)
p

|⌦|

�

<latexit sha1_base64="rzqlZLxOubjdDG9hmqSR2AZWIpk="></latexit><latexit sha1_base64="rzqlZLxOubjdDG9hmqSR2AZWIpk="></latexit><latexit sha1_base64="rzqlZLxOubjdDG9hmqSR2AZWIpk="></latexit><latexit sha1_base64="rzqlZLxOubjdDG9hmqSR2AZWIpk="></latexit>

⇠�1 ⇠ ⇤IR
<latexit sha1_base64="P3/R32oVLDWHi3uRsR1SQtlnXug=">AAACA3icdVDLSsNAFJ34rPUVdaebwVZwY0kK1nZXdKPgoop9QBPDZDJth04ezEzEEgJu/BU3LhRx60+482+cthFU9MDA4Zx7uHOPGzEqpGF8aDOzc/MLi7ml/PLK6tq6vrHZEmHMMWnikIW84yJBGA1IU1LJSCfiBPkuI213eDL22zeECxoGV3IUEdtH/YD2KEZSSY6+XbRu6XVyYKaWoL51rpIecpKzy7To6AWjVKvUjKoBp+TQzEilCs2SMUEBZGg4+rvlhTj2SSAxQ0J0TSOSdoK4pJiRNG/FgkQID1GfdBUNkE+EnUxuSOGeUjzYC7l6gYQT9XsiQb4QI99Vkz6SA/HbG4t/ed1Y9qp2QoMoliTA00W9mEEZwnEh0KOcYMlGiiDMqforxAPEEZaqtrwq4etS+D9plUum4hflQv04qyMHdsAu2AcmOAJ1cAoaoAkwuAMP4Ak8a/fao/aivU5HZ7QsswV+QHv7BJWVl34=</latexit><latexit sha1_base64="P3/R32oVLDWHi3uRsR1SQtlnXug=">AAACA3icdVDLSsNAFJ34rPUVdaebwVZwY0kK1nZXdKPgoop9QBPDZDJth04ezEzEEgJu/BU3LhRx60+482+cthFU9MDA4Zx7uHOPGzEqpGF8aDOzc/MLi7ml/PLK6tq6vrHZEmHMMWnikIW84yJBGA1IU1LJSCfiBPkuI213eDL22zeECxoGV3IUEdtH/YD2KEZSSY6+XbRu6XVyYKaWoL51rpIecpKzy7To6AWjVKvUjKoBp+TQzEilCs2SMUEBZGg4+rvlhTj2SSAxQ0J0TSOSdoK4pJiRNG/FgkQID1GfdBUNkE+EnUxuSOGeUjzYC7l6gYQT9XsiQb4QI99Vkz6SA/HbG4t/ed1Y9qp2QoMoliTA00W9mEEZwnEh0KOcYMlGiiDMqforxAPEEZaqtrwq4etS+D9plUum4hflQv04qyMHdsAu2AcmOAJ1cAoaoAkwuAMP4Ak8a/fao/aivU5HZ7QsswV+QHv7BJWVl34=</latexit><latexit sha1_base64="P3/R32oVLDWHi3uRsR1SQtlnXug=">AAACA3icdVDLSsNAFJ34rPUVdaebwVZwY0kK1nZXdKPgoop9QBPDZDJth04ezEzEEgJu/BU3LhRx60+482+cthFU9MDA4Zx7uHOPGzEqpGF8aDOzc/MLi7ml/PLK6tq6vrHZEmHMMWnikIW84yJBGA1IU1LJSCfiBPkuI213eDL22zeECxoGV3IUEdtH/YD2KEZSSY6+XbRu6XVyYKaWoL51rpIecpKzy7To6AWjVKvUjKoBp+TQzEilCs2SMUEBZGg4+rvlhTj2SSAxQ0J0TSOSdoK4pJiRNG/FgkQID1GfdBUNkE+EnUxuSOGeUjzYC7l6gYQT9XsiQb4QI99Vkz6SA/HbG4t/ed1Y9qp2QoMoliTA00W9mEEZwnEh0KOcYMlGiiDMqforxAPEEZaqtrwq4etS+D9plUum4hflQv04qyMHdsAu2AcmOAJ1cAoaoAkwuAMP4Ak8a/fao/aivU5HZ7QsswV+QHv7BJWVl34=</latexit><latexit sha1_base64="P3/R32oVLDWHi3uRsR1SQtlnXug=">AAACA3icdVDLSsNAFJ34rPUVdaebwVZwY0kK1nZXdKPgoop9QBPDZDJth04ezEzEEgJu/BU3LhRx60+482+cthFU9MDA4Zx7uHOPGzEqpGF8aDOzc/MLi7ml/PLK6tq6vrHZEmHMMWnikIW84yJBGA1IU1LJSCfiBPkuI213eDL22zeECxoGV3IUEdtH/YD2KEZSSY6+XbRu6XVyYKaWoL51rpIecpKzy7To6AWjVKvUjKoBp+TQzEilCs2SMUEBZGg4+rvlhTj2SSAxQ0J0TSOSdoK4pJiRNG/FgkQID1GfdBUNkE+EnUxuSOGeUjzYC7l6gYQT9XsiQb4QI99Vkz6SA/HbG4t/ed1Y9qp2QoMoliTA00W9mEEZwnEh0KOcYMlGiiDMqforxAPEEZaqtrwq4etS+D9plUum4hflQv04qyMHdsAu2AcmOAJ1cAoaoAkwuAMP4Ak8a/fao/aivU5HZ7QsswV+QHv7BJWVl34=</latexit>



Topological conformal phase transition

Physical implications

RG equation for superfluid stiffness:

µd⇢s

dµ =
h
1� �(g)

g

i
⇢s

<latexit sha1_base64="vbhbZ/wAFSuHejlk+uaoUoomsbQ="></latexit><latexit sha1_base64="vbhbZ/wAFSuHejlk+uaoUoomsbQ="></latexit><latexit sha1_base64="vbhbZ/wAFSuHejlk+uaoUoomsbQ="></latexit><latexit sha1_base64="vbhbZ/wAFSuHejlk+uaoUoomsbQ="></latexit>

⇢s
<latexit sha1_base64="b1HDr8AUpHVA4eNfAeZZro1Tvjw=">AAAB73icdZDLSgMxFIbPeK31VnXpJtgKrspMwdruim5cVrAXaIeSSTNtaCYZk4xQhr6EGxeKuPV13Pk2pu0IKvpD4OM/55Bz/iDmTBvX/XBWVtfWNzZzW/ntnd29/cLBYVvLRBHaIpJL1Q2wppwJ2jLMcNqNFcVRwGknmFzN6517qjST4tZMY+pHeCRYyAg21uqW+mosB7o0KBTdcr1ad2suWsK5l0G1hryyu1ARMjUHhff+UJIkosIQjrXueW5s/BQrwwins3w/0TTGZIJHtGdR4IhqP13sO0On1hmiUCr7hEEL9/tEiiOtp1FgOyNsxvp3bW7+VeslJqz5KRNxYqggy4/ChCMj0fx4NGSKEsOnFjBRzO6KyBgrTIyNKG9D+LoU/Q/tStmzfFMpNi6zOHJwDCdwBh5cQAOuoQktIMDhAZ7g2blzHp0X53XZuuJkM0fwQ87bJ/Yhj+s=</latexit><latexit sha1_base64="b1HDr8AUpHVA4eNfAeZZro1Tvjw=">AAAB73icdZDLSgMxFIbPeK31VnXpJtgKrspMwdruim5cVrAXaIeSSTNtaCYZk4xQhr6EGxeKuPV13Pk2pu0IKvpD4OM/55Bz/iDmTBvX/XBWVtfWNzZzW/ntnd29/cLBYVvLRBHaIpJL1Q2wppwJ2jLMcNqNFcVRwGknmFzN6517qjST4tZMY+pHeCRYyAg21uqW+mosB7o0KBTdcr1ad2suWsK5l0G1hryyu1ARMjUHhff+UJIkosIQjrXueW5s/BQrwwins3w/0TTGZIJHtGdR4IhqP13sO0On1hmiUCr7hEEL9/tEiiOtp1FgOyNsxvp3bW7+VeslJqz5KRNxYqggy4/ChCMj0fx4NGSKEsOnFjBRzO6KyBgrTIyNKG9D+LoU/Q/tStmzfFMpNi6zOHJwDCdwBh5cQAOuoQktIMDhAZ7g2blzHp0X53XZuuJkM0fwQ87bJ/Yhj+s=</latexit><latexit sha1_base64="b1HDr8AUpHVA4eNfAeZZro1Tvjw=">AAAB73icdZDLSgMxFIbPeK31VnXpJtgKrspMwdruim5cVrAXaIeSSTNtaCYZk4xQhr6EGxeKuPV13Pk2pu0IKvpD4OM/55Bz/iDmTBvX/XBWVtfWNzZzW/ntnd29/cLBYVvLRBHaIpJL1Q2wppwJ2jLMcNqNFcVRwGknmFzN6517qjST4tZMY+pHeCRYyAg21uqW+mosB7o0KBTdcr1ad2suWsK5l0G1hryyu1ARMjUHhff+UJIkosIQjrXueW5s/BQrwwins3w/0TTGZIJHtGdR4IhqP13sO0On1hmiUCr7hEEL9/tEiiOtp1FgOyNsxvp3bW7+VeslJqz5KRNxYqggy4/ChCMj0fx4NGSKEsOnFjBRzO6KyBgrTIyNKG9D+LoU/Q/tStmzfFMpNi6zOHJwDCdwBh5cQAOuoQktIMDhAZ7g2blzHp0X53XZuuJkM0fwQ87bJ/Yhj+s=</latexit><latexit sha1_base64="b1HDr8AUpHVA4eNfAeZZro1Tvjw=">AAAB73icdZDLSgMxFIbPeK31VnXpJtgKrspMwdruim5cVrAXaIeSSTNtaCYZk4xQhr6EGxeKuPV13Pk2pu0IKvpD4OM/55Bz/iDmTBvX/XBWVtfWNzZzW/ntnd29/cLBYVvLRBHaIpJL1Q2wppwJ2jLMcNqNFcVRwGknmFzN6517qjST4tZMY+pHeCRYyAg21uqW+mosB7o0KBTdcr1ad2suWsK5l0G1hryyu1ARMjUHhff+UJIkosIQjrXueW5s/BQrwwins3w/0TTGZIJHtGdR4IhqP13sO0On1hmiUCr7hEEL9/tEiiOtp1FgOyNsxvp3bW7+VeslJqz5KRNxYqggy4/ChCMj0fx4NGSKEsOnFjBRzO6KyBgrTIyNKG9D+LoU/Q/tStmzfFMpNi6zOHJwDCdwBh5cQAOuoQktIMDhAZ7g2blzHp0X53XZuuJkM0fwQ87bJ/Yhj+s=</latexit>


<latexit sha1_base64="18Atkod5zXrgKq/sMqoqS3yZ84Y=">AAAB73icdZDLSgMxFIYzXmu9VV26CbaCqzJTsLa7ohuXFewF2qGcSTNtaCYTk4xQhr6EGxeKuPV13Pk2pu0IKvpD4OM/55Bz/kBypo3rfjgrq2vrG5u5rfz2zu7efuHgsK3jRBHaIjGPVTcATTkTtGWY4bQrFYUo4LQTTK7m9c49VZrF4tZMJfUjGAkWMgLGWt1SfwJSQmlQKLrlerXu1ly8hHMvg2oNe2V3oSLK1BwU3vvDmCQRFYZw0LrnudL4KSjDCKezfD/RVAKZwIj2LAqIqPbTxb4zfGqdIQ5jZZ8weOF+n0gh0noaBbYzAjPWv2tz869aLzFhzU+ZkImhgiw/ChOOTYznx+MhU5QYPrUARDG7KyZjUECMjShvQ/i6FP8P7UrZs3xTKTYuszhy6BidoDPkoQvUQNeoiVqIII4e0BN6du6cR+fFeV22rjjZzBH6IeftE+C9j90=</latexit><latexit sha1_base64="18Atkod5zXrgKq/sMqoqS3yZ84Y=">AAAB73icdZDLSgMxFIYzXmu9VV26CbaCqzJTsLa7ohuXFewF2qGcSTNtaCYTk4xQhr6EGxeKuPV13Pk2pu0IKvpD4OM/55Bz/kBypo3rfjgrq2vrG5u5rfz2zu7efuHgsK3jRBHaIjGPVTcATTkTtGWY4bQrFYUo4LQTTK7m9c49VZrF4tZMJfUjGAkWMgLGWt1SfwJSQmlQKLrlerXu1ly8hHMvg2oNe2V3oSLK1BwU3vvDmCQRFYZw0LrnudL4KSjDCKezfD/RVAKZwIj2LAqIqPbTxb4zfGqdIQ5jZZ8weOF+n0gh0noaBbYzAjPWv2tz869aLzFhzU+ZkImhgiw/ChOOTYznx+MhU5QYPrUARDG7KyZjUECMjShvQ/i6FP8P7UrZs3xTKTYuszhy6BidoDPkoQvUQNeoiVqIII4e0BN6du6cR+fFeV22rjjZzBH6IeftE+C9j90=</latexit><latexit sha1_base64="18Atkod5zXrgKq/sMqoqS3yZ84Y=">AAAB73icdZDLSgMxFIYzXmu9VV26CbaCqzJTsLa7ohuXFewF2qGcSTNtaCYTk4xQhr6EGxeKuPV13Pk2pu0IKvpD4OM/55Bz/kBypo3rfjgrq2vrG5u5rfz2zu7efuHgsK3jRBHaIjGPVTcATTkTtGWY4bQrFYUo4LQTTK7m9c49VZrF4tZMJfUjGAkWMgLGWt1SfwJSQmlQKLrlerXu1ly8hHMvg2oNe2V3oSLK1BwU3vvDmCQRFYZw0LrnudL4KSjDCKezfD/RVAKZwIj2LAqIqPbTxb4zfGqdIQ5jZZ8weOF+n0gh0noaBbYzAjPWv2tz869aLzFhzU+ZkImhgiw/ChOOTYznx+MhU5QYPrUARDG7KyZjUECMjShvQ/i6FP8P7UrZs3xTKTYuszhy6BidoDPkoQvUQNeoiVqIII4e0BN6du6cR+fFeV22rjjZzBH6IeftE+C9j90=</latexit><latexit sha1_base64="18Atkod5zXrgKq/sMqoqS3yZ84Y=">AAAB73icdZDLSgMxFIYzXmu9VV26CbaCqzJTsLa7ohuXFewF2qGcSTNtaCYTk4xQhr6EGxeKuPV13Pk2pu0IKvpD4OM/55Bz/kBypo3rfjgrq2vrG5u5rfz2zu7efuHgsK3jRBHaIjGPVTcATTkTtGWY4bQrFYUo4LQTTK7m9c49VZrF4tZMJfUjGAkWMgLGWt1SfwJSQmlQKLrlerXu1ly8hHMvg2oNe2V3oSLK1BwU3vvDmCQRFYZw0LrnudL4KSjDCKezfD/RVAKZwIj2LAqIqPbTxb4zfGqdIQ5jZZ8weOF+n0gh0noaBbYzAjPWv2tz869aLzFhzU+ZkImhgiw/ChOOTYznx+MhU5QYPrUARDG7KyZjUECMjShvQ/i6FP8P7UrZs3xTKTYuszhy6BidoDPkoQvUQNeoiVqIII4e0BN6du6cR+fFeV22rjjZzBH6IeftE+C9j90=</latexit>

c
<latexit sha1_base64="2Y8G/HPY7atLA2F0WN92KjJI9LY=">AAAB8XicdZDLSgMxFIbPeK31VnXpJtgKrspMwdruim5cVrAXbIeSSTNtaCYTkoxQhr6FGxeKuPVt3Pk2pu0IKvpD4OM/55Bz/kBypo3rfjgrq2vrG5u5rfz2zu7efuHgsK3jRBHaIjGPVTfAmnImaMsww2lXKoqjgNNOMLma1zv3VGkWi1szldSP8EiwkBFsrHVX6k+wlHhASoNC0S3Xq3W35qIlnHsZVGvIK7sLFSFTc1B47w9jkkRUGMKx1j3PlcZPsTKMcDrL9xNNJSYTPKI9iwJHVPvpYuMZOrXOEIWxsk8YtHC/T6Q40noaBbYzwmasf9fm5l+1XmLCmp8yIRNDBVl+FCYcmRjNz0dDpigxfGoBE8XsroiMscLE2JDyNoSvS9H/0K6UPcs3lWLjMosjB8dwAmfgwQU04Bqa0AICAh7gCZ4d7Tw6L87rsnXFyWaO4Iect09XBJCz</latexit><latexit sha1_base64="2Y8G/HPY7atLA2F0WN92KjJI9LY=">AAAB8XicdZDLSgMxFIbPeK31VnXpJtgKrspMwdruim5cVrAXbIeSSTNtaCYTkoxQhr6FGxeKuPVt3Pk2pu0IKvpD4OM/55Bz/kBypo3rfjgrq2vrG5u5rfz2zu7efuHgsK3jRBHaIjGPVTfAmnImaMsww2lXKoqjgNNOMLma1zv3VGkWi1szldSP8EiwkBFsrHVX6k+wlHhASoNC0S3Xq3W35qIlnHsZVGvIK7sLFSFTc1B47w9jkkRUGMKx1j3PlcZPsTKMcDrL9xNNJSYTPKI9iwJHVPvpYuMZOrXOEIWxsk8YtHC/T6Q40noaBbYzwmasf9fm5l+1XmLCmp8yIRNDBVl+FCYcmRjNz0dDpigxfGoBE8XsroiMscLE2JDyNoSvS9H/0K6UPcs3lWLjMosjB8dwAmfgwQU04Bqa0AICAh7gCZ4d7Tw6L87rsnXFyWaO4Iect09XBJCz</latexit><latexit sha1_base64="2Y8G/HPY7atLA2F0WN92KjJI9LY=">AAAB8XicdZDLSgMxFIbPeK31VnXpJtgKrspMwdruim5cVrAXbIeSSTNtaCYTkoxQhr6FGxeKuPVt3Pk2pu0IKvpD4OM/55Bz/kBypo3rfjgrq2vrG5u5rfz2zu7efuHgsK3jRBHaIjGPVTfAmnImaMsww2lXKoqjgNNOMLma1zv3VGkWi1szldSP8EiwkBFsrHVX6k+wlHhASoNC0S3Xq3W35qIlnHsZVGvIK7sLFSFTc1B47w9jkkRUGMKx1j3PlcZPsTKMcDrL9xNNJSYTPKI9iwJHVPvpYuMZOrXOEIWxsk8YtHC/T6Q40noaBbYzwmasf9fm5l+1XmLCmp8yIRNDBVl+FCYcmRjNz0dDpigxfGoBE8XsroiMscLE2JDyNoSvS9H/0K6UPcs3lWLjMosjB8dwAmfgwQU04Bqa0AICAh7gCZ4d7Tw6L87rsnXFyWaO4Iect09XBJCz</latexit><latexit sha1_base64="2Y8G/HPY7atLA2F0WN92KjJI9LY=">AAAB8XicdZDLSgMxFIbPeK31VnXpJtgKrspMwdruim5cVrAXbIeSSTNtaCYTkoxQhr6FGxeKuPVt3Pk2pu0IKvpD4OM/55Bz/kBypo3rfjgrq2vrG5u5rfz2zu7efuHgsK3jRBHaIjGPVTfAmnImaMsww2lXKoqjgNNOMLma1zv3VGkWi1szldSP8EiwkBFsrHVX6k+wlHhASoNC0S3Xq3W35qIlnHsZVGvIK7sLFSFTc1B47w9jkkRUGMKx1j3PlcZPsTKMcDrL9xNNJSYTPKI9iwJHVPvpYuMZOrXOEIWxsk8YtHC/T6Q40noaBbYzwmasf9fm5l+1XmLCmp8yIRNDBVl+FCYcmRjNz0dDpigxfGoBE8XsroiMscLE2JDyNoSvS9H/0K6UPcs3lWLjMosjB8dwAmfgwQU04Bqa0AICAh7gCZ4d7Tw6L87rsnXFyWaO4Iect09XBJCz</latexit>

Universal jump



Conclusions
• Conformal phase transitions leads to BKT-like scaling in 

higher dimensions 

• Unconventional quantum critical behavior

• Mott TI: CSB induced by Chern-Simons term

•  Top. SC: fluctuation induced Higgs mechanism with BKT 
scaling 


