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?
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?

fixed  
point beyond  

FL?

quartic 
interacting 

theory?
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µ = 0 no change in 
size of 

Brillouin zone

t

perhaps this 
costs energy 

local real-space 
physics



solve the Hubbard Model!!

Cooper instability??

Progress thus far?

DMFT QMC disputes



Sept. 1997 Nov. 1997



No Mott Problem
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counting particles
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is there a more efficient way?
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strongly correlated gapped systems

How do zeros obtain?

Im G=0
µ = 0

=   below gap+above gap = 0

( ) d!

Z 1

�1
!

ReG(0, p) = Kramers 
-Kronig

(single band)



 zeros

 breakdown 
of particle 
concept

 Mottness

no propagation

 n=zeros+poles?



 Symmetry Breaking
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 !
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 Laughlin



 Minimal model 
for Mottness?

 Hubbard  
model
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Fermi 
liquids

<latexit sha1_base64="QYQp7Kuvmy45klFqUteVs8ESfQo=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadnVPG9BLx4jmhhIljA7mU2GzMwuM7NCCPkELx4U8eoXefNvnDwEFS1oKKq66e4KE8608bwPJ7Oyura+kd3MbW3v7O7l9w9aOk4VoU0S81i1Q6wpZ5I2DTOcthNFsQg5vQtHlzP/7p4qzWJ5a8YJDQQeSBYxgo2Vbroi7eULnuvVauVqEVly7te8iiWVUsmKyHe9OQqwRKOXf+/2Y5IKKg3hWOuO7yUmmGBlGOF0muummiaYjPCAdiyVWFAdTOanTtGJVfooipUtadBc/T4xwULrsQhtp8BmqH97M/Evr5OaqBpMmExSQyVZLIpSjkyMZn+jPlOUGD62BBPF7K2IDLHCxNh0cjaEr0/R/6R15vplt3hdLNQvlnFk4QiO4RR8qEAdrqABTSAwgAd4gmeHO4/Oi/O6aM04y5lD+AHn7RPj6I46</latexit>µ

<latexit sha1_base64="QYQp7Kuvmy45klFqUteVs8ESfQo=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadnVPG9BLx4jmhhIljA7mU2GzMwuM7NCCPkELx4U8eoXefNvnDwEFS1oKKq66e4KE8608bwPJ7Oyura+kd3MbW3v7O7l9w9aOk4VoU0S81i1Q6wpZ5I2DTOcthNFsQg5vQtHlzP/7p4qzWJ5a8YJDQQeSBYxgo2Vbroi7eULnuvVauVqEVly7te8iiWVUsmKyHe9OQqwRKOXf+/2Y5IKKg3hWOuO7yUmmGBlGOF0muummiaYjPCAdiyVWFAdTOanTtGJVfooipUtadBc/T4xwULrsQhtp8BmqH97M/Evr5OaqBpMmExSQyVZLIpSjkyMZn+jPlOUGD62BBPF7K2IDLHCxNh0cjaEr0/R/6R15vplt3hdLNQvlnFk4QiO4RR8qEAdrqABTSAwgAd4gmeHO4/Oi/O6aM04y5lD+AHn7RPj6I46</latexit>µ

Is single 
occupancy below 
chemical potential 

possible?

<latexit sha1_base64="P+1JpmTnwEGrDAOKfRvxUKMZ48U=">AAAB6XicdVDJSgNBEK2JW4xLoh69NAbB0zCjWW9BLx6jmAWSIfR0epImPT1Dd48QhvyBFw+KePWPvPk3dhZBRR8UPN6roqqeH3OmtON8WJm19Y3Nrex2bmd3bz9fODhsqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXM39zj2VikXiTk9j6oV4JFjACNZGuu2ng0LRsZ16vVIrIUMu3LpTNaRaLhsRubazQBFWaA4K7/1hRJKQCk04VqrnOrH2Uiw1I5zOcv1E0RiTCR7RnqECh1R56eLSGTo1yhAFkTQlNFqo3ydSHCo1DX3TGWI9Vr+9ufiX10t0UPNSJuJEU0GWi4KEIx2h+dtoyCQlmk8NwUQycysiYywx0SacnAnh61P0P2mf227FLt2Uio3LVRxZOIYTOAMXqtCAa2hCCwgE8ABP8GxNrEfrxXpdtmas1cwR/ID19gkiHY3J</latexit>

{

with time-reversal 
symmetry in tact?

NFL

doubly 
occupied

 p-h symmetry
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 p-h asymmetry

<latexit sha1_base64="sbSVjNoi2Vt0rix2Fprd/+VILP8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKbHssevHYgq2FNpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYW9/Y3Cpul3Z29/YPyodHXRWnktAOiXksewFWlDNBO5ppTnuJpDgKOL0NplcL//aeSsVicaNnCfUjPBYsZARrI7WTYbni2K7r1jwPObazhCH1asO7cJCbKxXI0RqW3wejmKQRFZpwrFTfdRLtZ1hqRjidlwapogkmUzymfUMFjqjys+Whc3RmlBEKY2lKaLRUv09kOFJqFgWmM8J6on57C/Evr5/qsOFnTCSppoKsFoUpRzpGi6/RiElKNJ8Zgolk5lZEJlhiok02JRPC16fof9Kt2m7N9tpepXmZx1GEEziFc3ChDk24hhZ0gACFB3iCZ+vOerRerNdVa8HKZ47hB6y3TxsBjSg=</latexit>p
<latexit sha1_base64="JuRtbLqrtmUH+DBLAus2dAGXlPs=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKbHssevHYgq2FNpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYW9/Y3Cpul3Z29/YPyodHXRWnktAOiXksewFWlDNBO5ppTnuJpDgKOL0NplcL//aeSsVicaNnCfUjPBYsZARrI7Unw3LFsV3XrXkecmxnCUPq1YZ34SA3VyqQozUsvw9GMUkjKjThWKm+6yTaz7DUjHA6Lw1SRRNMpnhM+4YKHFHlZ8tD5+jMKCMUxtKU0Gipfp/IcKTULApMZ4T1RP32FuJfXj/VYcPPmEhSTQVZLQpTjnSMFl+jEZOUaD4zBBPJzK2ITLDERJtsSiaEr0/R/6Rbtd2a7bW9SvMyj6MIJ3AK5+BCHZpwDS3oAAEKD/AEz9ad9Wi9WK+r1oKVzxzDD1hvnw7hjSA=</latexit>

h

<latexit sha1_base64="NHkPO9SFAigfpfNzeZnurXVnhkA=">AAACB3icdVDLSsNAFJ34rPUVdSnIYBEEISQhtl2WduPOivYBbQmTyaQdOnkwMxFK6M6Nv+LGhSJu/QV3/o3TNoKKHrhwOOde7r3HSxgV0jQ/tKXlldW19cJGcXNre2dX39tvizjlmLRwzGLe9ZAgjEakJalkpJtwgkKPkY43bsz8zi3hgsbRjZwkZBCiYUQDipFUkqsf9XkI69S1r7lrN1Ajde1LN6ue9X3CJJq6esk0LMsqOw40DXMORSp21Tk3oZUrJZCj6ervfT/GaUgiiRkSomeZiRxkiEuKGZkW+6kgCcJjNCQ9RSMUEjHI5n9M4YlSfBjEXFUk4Vz9PpGhUIhJ6KnOEMmR+O3NxL+8XiqD6iCjUZJKEuHFoiBlUMZwFgr0KSdYsokiCHOqboV4hDjCUkVXVCF8fQr/J23bsMqGc+WUavU8jgI4BMfgFFigAmrgAjRBC2BwBx7AE3jW7rVH7UV7XbQuafnMAfgB7e0TQzqYVA==</latexit>

Bi2Sr2CaCu2O8+�
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single 
occupancy

particle-hole  
asymmetry

<latexit sha1_base64="c+rINwGf9aGdPub+SZv3Tdti2r8=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0lqbePJohePLdgPaEPZbCft2s0m7G6EUvoLvHhQxKs/yZv/xm0bQUUfDDzem2Fmnh9zprRtf1iZldW19Y3sZm5re2d3L79/0FJRIik0acQj2fGJAs4ENDXTHDqxBBL6HNr++Hrut+9BKhaJWz2JwQvJULCAUaKN1Ljs5wt20XZd16liQxYwpHJ2XrooYSdVCihFvZ9/7w0imoQgNOVEqa5jx9qbEqkZ5TDL9RIFMaFjMoSuoYKEoLzp4tAZPjHKAAeRNCU0XqjfJ6YkVGoS+qYzJHqkfntz8S+vm+jA9aZMxIkGQZeLgoRjHeH513jAJFDNJ4YQKpm5FdMRkYRqk03OhPD1Kf6ftEpFp1IsN8qF2lUaRxYdoWN0ihxURTV0g+qoiSgC9ICe0LN1Zz1aL9brsjVjpTOH6Aest0/oT40H</latexit>

?



Fermi 
liquids

conserved currents

4 objects

SO(4)
proper  

rotations
improper 
rotations

Anderson 
Haldane 

2000
3 citations
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Improper Rotations

<latexit sha1_base64="9Sn1keT81C/cjB9LFMZVnQC7tPk="></latexit>0

BBB@

cp" + c†p"
i(cp" � c†p")

cp# + c†p#
i(cp# � c†p#)

1

CCCA

Majorana basis

<latexit sha1_base64="DGywPSbvIyYFO5bYIKt/sbZwkfM="></latexit>0

BB@

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 �1

1

CCA

<latexit sha1_base64="uhIVa4Hnwg9wNmfvLcqB5rBpzyM="></latexit>0

BB@

cp"
c†p"
cp#
c†p#

1

CCA

<latexit sha1_base64="9Sn1keT81C/cjB9LFMZVnQC7tPk="></latexit>0

BBB@

cp" + c†p"
i(cp" � c†p")

cp# + c†p#
i(cp# � c†p#)

1

CCCA

<latexit sha1_base64="mz1rSuYlFj2lkjt8fiOCZr7sMSk="></latexit>

cp# ! c†p#

p-h transformation



Fermi  
Surface

H = 0

Z2
at Fermi 

surface onlynp# ! np#

<latexit sha1_base64="SjiJL2WruoVzra7Nn+9fIHkLpPI=">AAACEXicdZDLSsNAFIYn9VbrLerSzWARurEktdR2V3TjsoK9QBPCZDpth04mYWailNBXcOOruHGhiFt37nwbp2kEK3pg4OP/z+HM+f2IUaks69PIrayurW/kNwtb2zu7e+b+QUeGscCkjUMWip6PJGGUk7aiipFeJAgKfEa6/uRy7ndviZA05DdqGhE3QCNOhxQjpSXPLHEviZw4QkKEdzNH0NFYpQzt0yXLM4tW2arXzhoW1JCWhlqlYVtVaGdKEWTV8swPZxDiOCBcYYak7NtWpNwECUUxI7OCE0sSITxBI9LXyFFApJukF83giVYGcBgK/biCqfpzIkGBlNPA150BUmP525uLf3n9WA3rbkJ5FCvC8WLRMGZQhXAeDxxQQbBiUw0IC6r/CvEYCYSVDrGgQ/i+FP4PnUrZrpWr19Vi8yKLIw+OwDEoARucgya4Ai3QBhjcg0fwDF6MB+PJeDXeFq05I5s5BEtlvH8BtOee2Q==</latexit>

np" ! 1� np"
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How to destroy Fermi liquids?

Z2

odd 
under Z2

scaling dimension

New fixed point!

Hatsugai-Kohmoto or 
Baskaran model

relevant 
interaction

Hubbard 
not  

necessary!



General HK Model

Solvable Mott transition:U>W

Gk�(i!n ! z) =
1� hnk�̄i
z � ⇠k

+
hnk�̄i

z � (⇠k + U)

lower Hubbard band upper Hubbard band

X

k

(⇠k(nk" + nk#) + Unk"nk#)

zeros

<latexit sha1_base64="3YmtZOzr9SfiwxnABVo5P7ULix0=">AAACAXicdVDLSgNBEJyNrxhfUS+Cl8EgeDHsxpjEW9CLxwjmAdkQZie9yZDZ2WVmVohLvPgrXjwo4tW/8ObfOHkIKlrQUFR1093lRZwpbdsfVmphcWl5Jb2aWVvf2NzKbu80VBhLCnUa8lC2PKKAMwF1zTSHViSBBB6Hpje8mPjNG5CKheJajyLoBKQvmM8o0UbqZvdcAdj1JaGJM05uj90wgD7pDsfdbM7O25VKxSljQ6YwpHRyWjgrYGeu5NActW723e2FNA5AaMqJUm3HjnQnIVIzymGccWMFEaFD0oe2oYIEoDrJ9IMxPjRKD/uhNCU0nqrfJxISKDUKPNMZED1Qv72J+JfXjrVf6SRMRLEGQWeL/JhjHeJJHLjHJFDNR4YQKpm5FdMBMXFoE1rGhPD1Kf6fNAp5p5QvXhVz1fN5HGm0jw7QEXJQGVXRJaqhOqLoDj2gJ/Rs3VuP1ov1OmtNWfOZXfQD1tsnvhiXHQ==</latexit>

6= 1

z � !k



Mott transition: composite excitations

�E = U � 4dt = U �W

insulator
Luttinger Surface

metal

0

.5

1.0
⇣†k� = c†k�(1� nk�̄)

⌘†k� = c†k�nk�̄



SWT

counting charges

zeros   particles6=

single 
occupancy



Why NFL?

FL
HK 

Mottness
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Hubbard 
not 

necessary 
(universality 

class)
<latexit sha1_base64="iPCPcV7EIc0Mnyhci1BaxyWxrT8=">AAACBXicdVDLSsNAFJ34rPUVdamLwSK4Con2uSu6cVnBPqANYTKdtEMnkzAzsZTQjRt/xY0LRdz6D+78G6dpBRW9MHDuOfdw5x4/ZlQq2/4wlpZXVtfWcxv5za3tnV1zb78lo0Rg0sQRi0THR5IwyklTUcVIJxYEhT4jbX90OdPbt0RIGvEbNYmJG6IBpwHFSGnKM4+4l9JeEiMhovE0a/rRmM9bzyzYll2rlatFqMG5U7MrGlRKJU1Cx7KzKoBFNTzzXbtxEhKuMENSdh07Vm6KhKKYkWm+l0gSIzxCA9LVkKOQSDfNrpjCE830YRAJ/biCGfvdkaJQykno68kQqaH8rc3Iv7RuooKqm1IeJ4pwPF8UJAyqCM4igX0qCFZsogHCguq/QjxEAmGlg8vrEL4uhf+D1pnllK3idbFQv1jEkQOH4BicAgdUQB1cgQZoAgzuwAN4As/GvfFovBiv89ElY+E5AD/KePsE85aaLg==</latexit>ni"ni#

<latexit sha1_base64="lIrQXHRVJwM9GYIphYoyVQXxfCM=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgKezGmKy3oCAePEQwD0iWMDuZJGPmsczMCmHJP3jxoIhX/8ebf+MkWUFFCxqKqm66u8KIUW1c98PJLC2vrK5l13Mbm1vbO/ndvaaWscKkgSWTqh0iTRgVpGGoYaQdKYJ4yEgrHF/M/NY9UZpKcWsmEQk4Ggo6oBgZKzW7isPL616+4BZd3/e9KrRkDksqJ6elsxL0UqUAUtR7+fduX+KYE2EwQ1p3PDcyQYKUoZiRaa4baxIhPEZD0rFUIE50kMyvncIjq/ThQCpbwsC5+n0iQVzrCQ9tJ0dmpH97M/EvrxObgR8kVESxIQIvFg1iBo2Es9dhnyqCDZtYgrCi9laIR0ghbGxAORvC16fwf9IsFb1KsXxTLtTO0ziy4AAcgmPggSqogStQBw2AwR14AE/g2ZHOo/PivC5aM046sw9+wHn7BDIsjuc=</latexit>

FL

Z2

<latexit sha1_base64="6zeg2XUvB7CYdRxoCoM68Gy8g48=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmY06y3oxWMCZoHJEHo6NUmbnp6hu0cIIV/gxYMiXv0kb/6NnUVQ0QcFj/eqqKoXJJwp7TgfVmZtfWNzK7ud29nd2z/IHx61VZxKCi0a81h2A6KAMwEtzTSHbiKBRAGHTjC+nvude5CKxeJWTxLwIzIULGSUaCM1vX6+4NhOrVauFrEhl27NqRhSKZWMiF3bWaCAVmj08++9QUzTCISmnCjluU6i/SmRmlEOs1wvVZAQOiZD8AwVJALlTxeHzvCZUQY4jKUpofFC/T4xJZFSkygwnRHRI/Xbm4t/eV6qw6o/ZSJJNQi6XBSmHOsYz7/GAyaBaj4xhFDJzK2YjogkVJtsciaEr0/x/6R9Ybtlu9gsFupXqziy6ASdonPkogqqoxvUQC1EEaAH9ISerTvr0XqxXpetGWs1c4x+wHr7BEDejUM=</latexit>

[
<latexit sha1_base64="0/QrkXxTBBRF0IV237cOnsOeXcA=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBC8uOzGPA9C0IvHCOYByRJmJ5NkyMzuMjMrhCW/4MWDIl79IW/+jbNJBBUtaCiquunu8iPOlHacD2tldW19YzOzld3e2d3bzx0ctlQYS0KbJOSh7PhYUc4C2tRMc9qJJMXC57TtT65Tv31PpWJhcKenEfUEHgVsyAjWqeRdnhf6ubxjO7VauVpEhly4NadiSKVUMiJybWeOPCzR6Ofee4OQxIIGmnCsVNd1Iu0lWGpGOJ1le7GiESYTPKJdQwMsqPKS+a0zdGqUARqG0lSg0Vz9PpFgodRU+KZTYD1Wv71U/MvrxnpY9RIWRLGmAVksGsYc6RClj6MBk5RoPjUEE8nMrYiMscREm3iyJoSvT9H/pFWw3bJdvC3m61fLODJwDCdwBi5UoA430IAmEBjDAzzBsyWsR+vFel20rljLmSP4AevtE6DVjf8=</latexit>

] = �2
<latexit sha1_base64="S9sqxZiadEJ0XfG90ctrd76JCM8=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqbeOt6MVjFfsBbSib7aZdutmE3Y1QQv+BFw+KePUfefPfuG0jqOiDgcd7M8zM82POlLbtDyu3srq2vpHfLGxt7+zuFfcP2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJ1dzv3NPpWKRuNPTmHohHgkWMIK1kW776aBYssu267pOHRmygCG1s/PKRQU5mVKCDM1B8b0/jEgSUqEJx0r1HDvWXoqlZoTTWaGfKBpjMsEj2jNU4JAqL11cOkMnRhmiIJKmhEYL9ftEikOlpqFvOkOsx+q3Nxf/8nqJDlwvZSJONBVkuShIONIRmr+NhkxSovnUEEwkM7ciMsYSE23CKZgQvj5F/5N2pezUytWbaqlxmcWRhyM4hlNwoA4NuIYmtIBAAA/wBM/WxHq0XqzXZWvOymYO4Qest0/z/o2p</latexit>

{

<latexit sha1_base64="NVTSRzkVca0VnvEfBf8y4Swe4rQ=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GiZ9jruiG1dSwT5gOpRMmmlDM5khyQhl6Ge4caGIW7/GnX9j+hBU9MCFwzn3cu89QcKZ0o7zYeXW1jc2t/LbhZ3dvf2D4uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB5Grud++pVCwWd3qaUD/CI8FCRrA2ktcPJSYZmmU3s0Gx5NgI1ZBbgY7t1C7qrmtIA5VrqAKR7SxQAiu0BsX3/jAmaUSFJhwr5SEn0X6GpWaE01mhnyqaYDLBI+oZKnBElZ8tTp7BM6MMYRhLU0LDhfp9IsORUtMoMJ0R1mP125uLf3leqkPXz5hIUk0FWS4KUw51DOf/wyGTlGg+NQQTycytkIyxSUGblAomhK9P4f+kU7ZR3a7eVkvNy1UceXACTsE5QKABmuAatEAbEBCDB/AEni1tPVov1uuyNWetZo7BD1hvn9G3kaI=</latexit>

1

N

<latexit sha1_base64="7TWe7WutGrEc62RfmRlwbFFUG6E="></latexit>✓
1

s

◆2

/ 1

s



what does the HK model leave out??

dynamical spectral weight transfer

[Ht, HU ] 6= 0



Fermi gas

BCS 
superconductor 

Fermi  
liquid 

Mottness
2

0

1



Superconductivity?



Cooper Instability

H = HHK � gHp

| i =
X

k2⌦0

↵kb
†
k|GSi

hnk�i = 0

Eb = hGS|H|GSi � h |H| i 7 0

2

0

1
=

X

k,k0

b†kbk0



Eb = �E ⇠ W (1� (U/W )2)e�⇡W
p

1�(U/W )2/g

Cooper Instability



Pair Susceptibility

�(i⌫n) ⌘
1

Ld

Z �

0
d⌧ei⌫n⌧ hT�(⌧)�†ig

=
�0

1� g�0

solve for T_c

g�0 = 1



<latexit sha1_base64="c6LW6JHRiQbXzp2igV6JqzcR2EY=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0naavRW9OKxYr+gDWWz3bRLN5uwuxFK6E/w4kERr/4ib/4bt20EFX0w8Hhvhpl5fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5Hrud+6pVCwSTT2NqRfikWABI1gb6a45IINiyS7bbrVmXyJDFjDErVTO3CpyMqUEGRqD4nt/GJEkpEITjpXqOXasvRRLzQins0I/UTTGZIJHtGeowCFVXro4dYZOjDJEQSRNCY0W6veJFIdKTUPfdIZYj9Vvby7+5fUSHVx4KRNxoqkgy0VBwpGO0PxvNGSSEs2nhmAimbkVkTGWmGiTTsGE8PUp+p+0K2XnvFy7rZXqV1kceTiCYzgFB1yoww00oAUERvAAT/BscevRerFel605K5s5hB+w3j4BalKN6A==</latexit>

Tc
Tc = (W � U)4/5U1/5 e

�

⇡
e�

4
5

W
g .



BCS variational wave function

| BCSi =
Y

k

(uk + vkb
†
k|0i

2

00



| i =
Y

k>0

✓
xk + ykb

†
kb

†
�k +

zkp
2
(b†k + b†�k)

◆
|0i

HK 
generalization

11

2

00

variational MF wave function



|xk|2 + |yk|2 + |zk|2 = 1

three variational parameters

gap equation

� ⌧ U,W

� = (W � U)1/2U1/2e�
W
2g



<latexit sha1_base64="s/9iqJgydEHivYqrZxaydjERBcY=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0naavQiRS8eKzRtoQ1ls920SzebsLsRSuhv8OJBEa/+IG/+G7cfgoo+GHi8N8PMvCDhTGnb/rByK6tr6xv5zcLW9s7uXnH/oKXiVBLqkZjHshNgRTkT1NNMc9pJJMVRwGk7GN/M/PY9lYrFoqknCfUjPBQsZARrI3nNq2Y/6RdLdtl2qzX7EhkyhyFupXLmVpGzVEqwRKNffO8NYpJGVGjCsVJdx060n2GpGeF0WuiliiaYjPGQdg0VOKLKz+bHTtGJUQYojKUpodFc/T6R4UipSRSYzgjrkfrtzcS/vG6qwws/YyJJNRVksShMOdIxmn2OBkxSovnEEEwkM7ciMsISE23yKZgQvj5F/5NWpeycl2t3tVL9ehlHHo7gGE7BARfqcAsN8IAAgwd4gmdLWI/Wi/W6aM1Zy5lD+AHr7ROnOY6b</latexit>

T > Tp

<latexit sha1_base64="9Ol9U08a3PF/zJdeFJthw88DRug=">AAAB8HicdVBNS8NAEJ34WetX1aOXxSJ4KklajR6EohePFfolbSib7aZdutmE3Y1QSn+FFw+KePXnePPfuG0jqOiDgcd7M8zMCxLOlLbtD2tpeWV1bT23kd/c2t7ZLeztN1WcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjK5nfuueSsViUdfjhPoRHggWMoK1ke7ql/Wea4r0CkW7ZHvlin2BDJnDEM91T70ycjKlCBlqvcJ7tx+TNKJCE46V6jh2ov0JlpoRTqf5bqpogskID2jHUIEjqvzJ/OApOjZKH4WxNCU0mqvfJyY4UmocBaYzwnqofnsz8S+vk+rw3J8wkaSaCrJYFKYc6RjNvkd9JinRfGwIJpKZWxEZYomJNhnlTQhfn6L/SdMtOWelym2lWL3K4sjBIRzBCTjgQRVuoAYNIBDBAzzBsyWtR+vFel20LlnZzAH8gPX2CeT2j9c=</latexit>

T = T2 = Tc

<latexit sha1_base64="e87jArgx1N2p6qrESYSFG798ctA=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0naavQgFL14rNC0hTaUzXbTLt1swu5GKKG/wYsHRbz6g7z5b9x+CCr6YODx3gwz84KEM6Vt+8PKrayurW/kNwtb2zu7e8X9g5aKU0moR2Iey06AFeVMUE8zzWknkRRHAaftYHwz89v3VCoWi6aeJNSP8FCwkBGsjeQ1r5r9pF8s2WXbrdbsS2TIHIa4lcqZW0XOUinBEo1+8b03iEkaUaEJx0p1HTvRfoalZoTTaaGXKppgMsZD2jVU4IgqP5sfO0UnRhmgMJamhEZz9ftEhiOlJlFgOiOsR+q3NxP/8rqpDi/8jIkk1VSQxaIw5UjHaPY5GjBJieYTQzCRzNyKyAhLTLTJp2BC+PoU/U9albJzXq7d1Ur162UceTiCYzgFB1yowy00wAMCDB7gCZ4tYT1aL9brojVnLWcO4Qest0+lso6a</latexit>

T = Tp

<latexit sha1_base64="tcTdanDz3eMyTQKe3EV+OVUbbFY=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0naahQ8FL14rNC0hTaUzXbTLt1swu5GKKG/wYsHRbz6g7z5b9x+CCr6YODx3gwz84KEM6Vt+8PKrayurW/kNwtb2zu7e8X9g5aKU0moR2Iey06AFeVMUE8zzWknkRRHAaftYHwz89v3VCoWi6aeJNSP8FCwkBGsjeQ1r5r9pF8s2WXbrdbsS2TIHIa4lcqZW0XOUinBEo1+8b03iEkaUaEJx0p1HTvRfoalZoTTaaGXKppgMsZD2jVU4IgqP5sfO0UnRhmgMJamhEZz9ftEhiOlJlFgOiOsR+q3NxP/8rqpDi/8jIkk1VSQxaIw5UjHaPY5GjBJieYTQzCRzNyKyAhLTLTJp2BC+PoU/U9albJzXq7d1Ur162UceTiCYzgFB1yowy00wAMCDB7gCZ4tYT1aL9brojVnLWcO4Qest0+kK46Z</latexit>

T < Tp

<latexit sha1_base64="PLrVXcwzx4BTY/nm6wMfb9WvqkY=">AAAB/HicdVDLSgMxFM3UV62vapdugkVwY0m0tnZXdKHLCvYB7Thk0rQNzcyEJCOWof6KGxeKuPVD3Pk3pg9BRQ9cOJxzL/fe40vBtUHow0ktLC4tr6RXM2vrG5tb2e2dho5iRVmdRiJSLZ9oJnjI6oYbwVpSMRL4gjX94fnEb94ypXkUXpuRZG5A+iHvcUqMlbxszngXHSKliu4gRjfJIcZjL5tHBYwquIIhKqApLDlBx8VyCeK5kgdz1Lzse6cb0ThgoaGCaN3GSBo3IcpwKtg404k1k4QOSZ+1LQ1JwLSbTI8fw32rdGEvUrZCA6fq94mEBFqPAt92BsQM9G9vIv7ltWPTO3UTHsrYsJDOFvViAU0EJ0nALleMGjGyhFDF7a2QDogi1Ni8MjaEr0/h/6RxVMClQvGqmK+ezeNIg12wBw4ABmVQBZegBuqAghF4AE/g2bl3Hp0X53XWmnLmMznwA87bJ5D1lBY=</latexit>

tG ⇡ 10�11

MF theory 
is accurate!lim

g!0

�

Tc
! 1

compute free energy



https://arxiv.org/pdf/2207.01904.pdf



<latexit sha1_base64="aXM59YwGaLRqlbPlzNIWuUjLL08=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hs1HorevFYsV/QhrLZbtrFzSbsboQS+hO8eFDEq7/Im//GbRtBRR8MPN6bYWZekHCmtON8WIWl5ZXVteJ6aWNza3unvLvXVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA005wdzXzO/dUKhaLpp4k1I/wSLCQEayNdNscJINyxbHdmlf1HOTYzhyGnFarXvUCublSgRyNQfm9P4xJGlGhCcdK9Vwn0X6GpWaE02mpnyqaYHKHR7RnqMARVX42P3WKjowyRGEsTQmN5ur3iQxHSk2iwHRGWI/Vb28m/uX1Uh3W/IyJJNVUkMWiMOVIx2j2NxoySYnmE0MwkczcisgYS0y0SadkQvj6FP1P2ie2e2Z7N16lfpnHUYQDOIRjcOEc6nANDWgBgRE8wBM8W9x6tF6s10Vrwcpn9uEHrLdPeweN8w==</latexit>

Tp



heat capacity jump



Condensation Energy

BCS

<latexit sha1_base64="ahre2V+E6dsV7MnxjpZU3QqAyCw="></latexit>

Econd/N(0)�2 <latexit sha1_base64="TsY+4R/wJCs4JStVVt1OLKmaaZ4=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ1Kr7YCLohuXVewD2qFk0kwbmskMSUYoQ//AjQtF3PpH7vwb04egogcuHM65l3vvCRLBtUHow1laXlldW89t5De3tnd2C3v7TR2nirIGjUWs2gHRTHDJGoYbwdqJYiQKBGsFo6up37pnSvNY3plxwvyIDCQPOSXGSrcXqFcoIhfj0qmHIXIR9ryqZ8kZqlRLCGIXzVAEC9R7hfduP6ZpxKShgmjdwSgxfkaU4VSwSb6bapYQOiID1rFUkohpP5tdOoHHVunDMFa2pIEz9ftERiKtx1FgOyNihvq3NxX/8jqpCat+xmWSGibpfFGYCmhiOH0b9rli1IixJYQqbm+FdEgUocaGk7chfH0K/yfNkovP3fJNuVi7XMSRA4fgCJwADCqgBq5BHTQABSF4AE/g2Rk5j86L8zpvXXIWMwfgB5y3T2hgjU4=</latexit>

< 0



excited states

|BCSi

Tc

(e, h)

np ⇡ e�
"p

kBT

0

6= 0



Bogoliubov excitations

�k� = ukck� � �vkc
†
�k�

PYHons excitations
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PYHon band



can we explain the color change?

Al =

Z ⌦

0
�(!)d! ⌦/2⇡c = 10000cm�1

Ah =

Z 2⌦

⌦
�(!)d! ⌦/2⇡c = 10000cm�1

�Al

Al
/ 3%



condensation energy

UV-IR mixing



condensation 
energy:HK model

1.00

>
1

�WL / O(2� 3%) as in experiments



why?

H = HHK +Hp

[HHK, Hp] 6= 0

dynamical 
spectral weight 

transfer



Superfluid Density

FL

doped MI

Mottness-induced suppression



observable
<latexit sha1_base64="rtmP90DWe/KStttHP6WU0sQ1AgM=">AAAB/3icdVDLSgNBEJyNrxhfq4IXL4NB8BQ2D129Bb14jGAekA1hdjKbDJmdXWZ6lRBz8Fe8eFDEq7/hzb9xNomgogUNRVU33V1+LLgGx/mwMguLS8sr2dXc2vrG5pa9vdPQUaIoq9NIRKrlE80El6wOHARrxYqR0Bes6Q8vUr95w5TmkbyGUcw6IelLHnBKwEhde8+jA+4p3h8AUSq69bgMYJTr2nmn4LjlinOGDZnCELdUOnbLuDhX8miOWtd+93oRTUImgQqidbvoxNAZEwWcCjbJeYlmMaFD0mdtQyUJme6Mp/dP8KFRejiIlCkJeKp+nxiTUOtR6JvOkMBA//ZS8S+vnUBw2hlzGSfAJJ0tChKBIcJpGLjHFaMgRoYQqri5FdMBUYSCiSwN4etT/D9plArFk0LlqpKvns/jyKJ9dICOUBG5qIouUQ3VEUV36AE9oWfr3nq0XqzXWWvGms/soh+w3j4BpH2Whg==</latexit>

� ! 1
<latexit sha1_base64="6OaiyIUZpAvuWsrYMnf5VBZjaZo=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBbBU0naavRW1IPHCrYWmlA220m7dLMJuxuhlP4NLx4U8eqf8ea/cdNGUNEHA4/3ZpiZFyScKW3bH1ZhaXllda24XtrY3NreKe/udVScSgptGvNYdgOigDMBbc00h24igUQBh7tgfJn5d/cgFYvFrZ4k4EdkKFjIKNFG8rwr4Jp4ArBd6pcrdtV26w37HBsyhyFurXbi1rGTKxWUo9Uvv3uDmKYRCE05Uarn2In2p0RqRjnMSl6qICF0TIbQM1SQCJQ/nd88w0dGGeAwlqaExnP1+8SUREpNosB0RkSP1G8vE//yeqkOz/wpE0mqQdDFojDlWMc4CwAPmASq+cQQQiUzt2I6IpJQbWLKQvj6FP9POrWqc1pt3DQqzYs8jiI6QIfoGDnIRU10jVqojShK0AN6Qs9Waj1aL9brorVg5TP76Aest0/uiJD7</latexit>

� 6= 0
<latexit sha1_base64="/tXjVnq8g7Nq12ItV0aw8AnwGsQ="></latexit>

lim
g!0

2�0/kBTc

<latexit sha1_base64="63AV51oLUWbpXlFJci2SRwe9jiA=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwY5k+dHRXdOOygn1AO5RMmmlDk8yYZIQ6FH/FjQtF3Pof7vwbM+0IKnrgwuGce5N7jx8xqrTjfFhz8wuLS8u5lfzq2vrGpr213VRhLDFp4JCFsu0jRRgVpKGpZqQdSYK4z0jLH12kfuuWSEVDca3HEfE4GggaUIy0kXr2bldyeBMjRY8iJDXFjKh8zy44RcetVJ0zaMgUhrjl8rFbgaVMKYAM9Z793u2HOOZEaMyQUp2SE2kvyR6c5LuxIhHCIzQgHUMF4kR5yXT7CTwwSh8GoTQlNJyq3ycSxJUac990cqSH6reXin95nVgHp15CRRRrIvDsoyBmUIcwjQL2qSRYs7EhCEtqdoV4iCTC2gSWhvB1KfyfNMvF0kmxelUt1M6zOHJgD+yDQ1ACLqiBS1AHDYDBHXgAT+DZurcerRfrddY6Z2UzO+AHrLdPUgaVKQ==</latexit>

quasi� particles
<latexit sha1_base64="4ZK+y3+tXThodxl1KWYRPHGer0U=">AAAB/HicdVDLSgNBEJyNrxhfqzl6GQxCvITNQ1dvQQ/xGMEkQhLC7GSSDJmZXWZ6hRjir3jxoIhXP8Sbf+PkIahoQUNR1U13VxAJbsDzPpzE0vLK6lpyPbWxubW94+7u1U0Ya8pqNBShvgmIYYIrVgMOgt1EmhEZCNYIhhdTv3HLtOGhuoZRxNqS9BXvcUrASh03DZ0Kzra0xBWu7oJY949SHTfj5Ty/WPLOsCUzWOIXCsd+EecXSgYtUO24761uSGPJFFBBjGnmvQjaY6KBU8EmqVZsWETokPRZ01JFJDPt8ez4CT60Shf3Qm1LAZ6p3yfGRBozkoHtlAQG5rc3Ff/ymjH0TttjrqIYmKLzRb1YYAjxNAnc5ZpRECNLCNXc3orpgGhCweY1DeHrU/w/qRdy+ZNc6aqUKZ8v4kiifXSAsiiPfFRGl6iKaoiiEXpAT+jZuXcenRfndd6acBYzafQDztsnMbOT2w==</latexit>

tG(Ginzburg)
<latexit sha1_base64="/P8/77md3uM4pxmqoWM4B3HFBiw=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwVZO2Gt0V3bis0Bc0oUymk3bozCTMTIQS+htuXCji1p9x5984aSOo6IELh3Pu5d57gphRpW37wyqsrK6tbxQ3S1vbO7t75f2DrooSiUkHRyyS/QApwqggHU01I/1YEsQDRnrB9Cbze/dEKhqJtp7FxOdoLGhIMdJG8jzJoXPWhu2hUxqWK3bVdusN+woasoAhbq127tahkysVkKM1LL97owgnnAiNGVJq4Nix9lMkNcWMzEteokiM8BSNycBQgThRfrq4eQ5PjDKCYSRNCQ0X6veJFHGlZjwwnRzpifrtZeJf3iDR4aWfUhEnmgi8XBQmDOoIZgHAEZUEazYzBGFJza0QT5BEWJuYshC+PoX/k26t6lxUG3eNSvM6j6MIjsAxOAUOcEET3IIW6AAMYvAAnsCzlViP1ov1umwtWPnMIfgB6+0T3FCQSQ==</latexit>

1/TT1
<latexit sha1_base64="u+yb/L1m6ZxwUyr/76u5tLV38e0=">AAACAHicdVDLSgMxFM3UV62vqgsXboJFcCFl+tDqriiCCxcV7AM6pdxJ0zY0kxmSjFiGbvwVNy4UcetnuPNvzLQjqOiBwOGcc7m5xw04U9q2P6zU3PzC4lJ6ObOyura+kd3caig/lITWic992XJBUc4ErWumOW0FkoLnctp0R+ex37ylUjFf3OhxQDseDATrMwLaSN3sjiM9fAWiB6FziC/uAhBxNtPN5uy8XSmV7VNsyBSGVIrFo0oJFxIlhxLUutl3p+eT0KNCEw5KtQt2oDsRSM0Ip5OMEyoaABnBgLYNFeBR1YmmB0zwvlF6uO9L84TGU/X7RASeUmPPNUkP9FD99mLxL68d6v5JJ2IiCDUVZLaoH3KsfRy3gXtMUqL52BAgkpm/YjIECUSbzuISvi7F/5NGMV84zpevy7nqWVJHGu2iPXSACqiCqugS1VAdETRBD+gJPVv31qP1Yr3OoikrmdlGP2C9fQK9RJXi</latexit>

LandauExpansion

BCS/FL
<latexit sha1_base64="HDKI+WT0YBX1Gz7/InmgqyvCl7M=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4Kklbjd6KXjxW6Be0oWy2m3bpbhJ2N0IJ/QtePCji1T/kzX/jpo2gog8GHu/NMDPPjzlT2rY/rJXVtfWNzcJWcXtnd2+/dHDYUVEiCW2TiEey52NFOQtpWzPNaS+WFAuf064/vcn87j2VikVhS89i6gk8DlnACNaZ1BqS4rBUtiu2W6vbV8iQBQxxq9Vzt4acXClDjuaw9D4YRSQRNNSEY6X6jh1rL8VSM8LpvDhIFI0xmeIx7RsaYkGVly5unaNTo4xQEElToUYL9ftEioVSM+GbToH1RP32MvEvr5/o4NJLWRgnmoZkuShIONIRyh5HIyYp0XxmCCaSmVsRmWCJiTbxZCF8fYr+J51qxbmo1O/q5cZ1HkcBjuEEzsABFxpwC01oA4EJPMATPFvCerRerNdl64qVzxzBD1hvn594jfw=</latexit>

Tc
<latexit sha1_base64="HDKI+WT0YBX1Gz7/InmgqyvCl7M=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4Kklbjd6KXjxW6Be0oWy2m3bpbhJ2N0IJ/QtePCji1T/kzX/jpo2gog8GHu/NMDPPjzlT2rY/rJXVtfWNzcJWcXtnd2+/dHDYUVEiCW2TiEey52NFOQtpWzPNaS+WFAuf064/vcn87j2VikVhS89i6gk8DlnACNaZ1BqS4rBUtiu2W6vbV8iQBQxxq9Vzt4acXClDjuaw9D4YRSQRNNSEY6X6jh1rL8VSM8LpvDhIFI0xmeIx7RsaYkGVly5unaNTo4xQEElToUYL9ftEioVSM+GbToH1RP32MvEvr5/o4NJLWRgnmoZkuShIONIRyh5HIyYp0XxmCCaSmVsRmWCJiTbxZCF8fYr+J51qxbmo1O/q5cZ1HkcBjuEEzsABFxpwC01oA4EJPMATPFvCerRerNdl64qVzxzBD1hvn594jfw=</latexit>

Tc

<latexit sha1_base64="/CbuCL8K1SMqNn21wNNPeBrXqtw=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4CumX0VvRi8cKpi20oWy2m3bpZhN2N0Ip/Q1ePCji1R/kzX/jpo2gog8GHu/NMDMvSDhT2nE+rJXVtfWNzcJWcXtnd2+/dHDYVnEqCfVIzGPZDbCinAnqaaY57SaS4ijgtBNMrjO/c0+lYrG409OE+hEeCRYygrWRvJrdqBYHpbJjO26t7lwiQxYwxK1WG24NVXKlDDlag9J7fxiTNKJCE46V6lWcRPszLDUjnM6L/VTRBJMJHtGeoQJHVPmzxbFzdGqUIQpjaUpotFC/T8xwpNQ0CkxnhPVY/fYy8S+vl+rwwp8xkaSaCrJcFKYc6Rhln6Mhk5RoPjUEE8nMrYiMscREm3yyEL4+Rf+TdtWunNv123q5eZXHUYBjOIEzqIALTbiBFnhAgMEDPMGzJaxH68V6XbauWPnMEfyA9fYJTf+NuA==</latexit>

3.52

<latexit sha1_base64="lCgi0F0xPTkb2RnR9R6EN74QyTQ=">AAAB+HicdVDLSgNBEJyNrxgfWfXoZTAInsJuEl29hXjxGMGYQLKE2clsMmR2ZpmHEJd8iRcPinj1U7z5N04egooWNBRV3XR3RSmjSnveh5NbWV1b38hvFra2d3aL7t7+rRJGYtLCggnZiZAijHLS0lQz0kklQUnESDsaX8789h2Rigp+oycpCRM05DSmGGkr9d1iTyawIYaCURMJrvpuySt7QbXmXUBL5rAkqFROgyr0l0oJLNHsu++9gcAmIVxjhpTq+l6qwwxJTTEj00LPKJIiPEZD0rWUo4SoMJsfPoXHVhnAWEhbXMO5+n0iQ4lSkySynQnSI/Xbm4l/eV2j4/Mwozw1mnC8WBQbBrWAsxTggEqCNZtYgrCk9laIR0girG1WBRvC16fwf3JbKftn5dp1rVRvLOPIg0NwBE6ADwJQB1egCVoAAwMewBN4du6dR+fFeV205pzlzAH4AeftEwL/k1k=</latexit>

Bogoliubons
<latexit sha1_base64="nB0YdinU0NhMtfmfX7JYgBjOwT0=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwY5mZVkd3RTcuK9gHtGPJpJk2NDMJSaZYhv6JGxeKuPVP3Pk3pg9BRQ9cOJxzL/feEwpGlXacDyu3tLyyupZfL2xsbm3v2Lt7DcVTiUkdc8ZlK0SKMJqQuqaakZaQBMUhI81weDX1myMiFeXJrR4LEsSon9CIYqSN1LXtDhJC8nvoOnfZietNunbRKTl+ueJcQENmMMT3vFO/DN2FUgQL1Lr2e6fHcRqTRGOGlGq7jtBBhqSmmJFJoZMqIhAeoj5pG5qgmKggm10+gUdG6cGIS1OJhjP1+0SGYqXGcWg6Y6QH6rc3Ff/y2qmOzoOMJiLVJMHzRVHKoOZwGgPsUUmwZmNDEJbU3ArxAEmEtQmrYEL4+hT+TxpeyT0rVW4qxerlIo48OACH4Bi4wAdVcA1qoA4wGIEH8ASercx6tF6s13lrzlrM7IMfsN4+AWkQkuI=</latexit>

⇡ 10�12

<latexit sha1_base64="IKtiFYzrkClWharV0XgWI7w1lGQ=">AAAB9XicdVBNSwMxEM3Wr1q/qh69BIvgQcpuW129Fb30WNG2Qnct2TTbhibZJckqZen/8OJBEa/+F2/+G9N2BRV9MPB4b4aZeUHMqNK2/WHlFhaXllfyq4W19Y3NreL2TltFicSkhSMWyZsAKcKoIC1NNSM3sSSIB4x0gtHF1O/cEaloJK71OCY+RwNBQ4qRNtKtJzlsXEHvCMYEjXrFkl223WrNPoOGzGCIW6kcu1XoZEoJZGj2iu9eP8IJJ0JjhpTqOnas/RRJTTEjk4KXKBIjPEID0jVUIE6Un86unsADo/RhGElTQsOZ+n0iRVypMQ9MJ0d6qH57U/Evr5vo8NRPqYgTTQSeLwoTBnUEpxHAPpUEazY2BGFJza0QD5FEWJugCiaEr0/h/6RdKTsn5dplrVQ/z+LIgz2wDw6BA1xQBw3QBC2AgQQP4Ak8W/fWo/Vivc5bc1Y2swt+wHr7BBawkZ8=</latexit>

HSpeak

<latexit sha1_base64="RoO6iJ8imsaOGNWDrXzKHzFU/K8=">AAAB+nicdVDLSgNBEJyNrxhfGz16GQyChxB2k+jqQQl68RjBxEB2Cb2TSTJk9sHMrBJiPsWLB0W8+iXe/BsnyQoqWtBQVHXT3eXHnEllWR9GZmFxaXklu5pbW9/Y3DLz200ZJYLQBol4JFo+SMpZSBuKKU5bsaAQ+Jze+MOLqX9zS4VkUXitRjH1AuiHrMcIKC11zDycusDjAWBVdIvYP7M6ZsEqWU6lap1gTWbQxCmXD50KtlOlgFLUO+a7241IEtBQEQ5Stm0rVt4YhGKE00nOTSSNgQyhT9uahhBQ6Y1np0/wvla6uBcJXaHCM/X7xBgCKUeBrzsDUAP525uKf3ntRPWOvTEL40TRkMwX9RKOVYSnOeAuE5QoPtIEiGD6VkwGIIAonVZOh/D1Kf6fNMsl+6hUvaoWaudpHFm0i/bQAbKRg2roEtVRAxF0hx7QE3o27o1H48V4nbdmjHRmB/2A8fYJWLaSxw==</latexit>

a = ↵t, b > 0

<latexit sha1_base64="122xWm6ZbhBEDDTSXZhrwNbmMYY=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1iEuqlJWq3uig9wJRXsA9oYJtNpO3QyCTMToYTixl9x40IRt36FO//G6UNQ0QMXDufcy733+BGjUlnWh5GamZ2bX0gvZpaWV1bXzPWNmgxjgUkVhywUDR9JwignVUUVI41IEBT4jNT9/unIr98SIWnIr9UgIm6Aupx2KEZKS565de4lLRFAHPL2cP8yZ+21zghT6MbxzKyVt0qFonUMNRlDk5LjHJQK0J4qWTBFxTPfW+0QxwHhCjMkZdO2IuUmSCiKGRlmWrEkEcJ91CVNTTkKiHST8QtDuKuVNuyEQhdXcKx+n0hQIOUg8HVngFRP/vZG4l9eM1adIzehPIoV4XiyqBMzqEI4ygO2qSBYsYEmCAuqb4W4hwTCSqeW0SF8fQr/JzUnbx/mi1fFbPlkGkcabIMdkAM2KIEyuAAVUAUY3IEH8ASejXvj0XgxXietKWM6swl+wHj7BJw0lk4=</latexit>

Econd/N(0)�2
<latexit sha1_base64="v/KwfE/EqubWhSetCiYZgUCMzf8=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBiyVpq9Fb0YvHKvYD2lA22027dLMJuxuhhP4DLx4U8eo/8ua/cdtGUNEHA4/3ZpiZ58ecKW3bH1ZuaXlldS2/XtjY3NreKe7utVSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj69mfvueSsUicacnMfVCPBQsYARrI92eOP1iyS7bbrVmXyBD5jDErVRO3SpyMqUEGRr94ntvEJEkpEITjpXqOnasvRRLzQin00IvUTTGZIyHtGuowCFVXjq/dIqOjDJAQSRNCY3m6veJFIdKTULfdIZYj9Rvbyb+5XUTHZx7KRNxoqkgi0VBwpGO0OxtNGCSEs0nhmAimbkVkRGWmGgTTsGE8PUp+p+0KmXnrFy7qZXql1kceTiAQzgGB1yowzU0oAkEAniAJ3i2xtaj9WK9LlpzVjazDz9gvX0CLaONJg==</latexit>�1

PYHZ/HK
<latexit sha1_base64="aBGW4Or5Gs1jwMuETP7+qCLXrCM=">AAAB8HicdVBNSwMxEM3Wr1q/qh69BItQL2W3ra4ehKIXjxXaWmmXJZtm29AkuyRZoSz9FV48KOLVn+PNf2ParqCiDwYe780wMy+IGVXatj+s3NLyyupafr2wsbm1vVPc3euoKJGYtHHEItkNkCKMCtLWVDPSjSVBPGDkNhhfzfzbeyIVjURLT2LicTQUNKQYaSPdtXxcvmj51WO/WLIrtlur2+fQkDkMcavVE7cGnUwpgQxNv/jeH0Q44URozJBSPceOtZciqSlmZFroJ4rECI/RkPQMFYgT5aXzg6fwyCgDGEbSlNBwrn6fSBFXasID08mRHqnf3kz8y+slOjzzUiriRBOBF4vChEEdwdn3cEAlwZpNDEFYUnMrxCMkEdYmo4IJ4etT+D/pVCvOaaV+Uy81LrM48uAAHIIycIALGuAaNEEbYMDBA3gCz5a0Hq0X63XRmrOymX3wA9bbJ4SFj5c=</latexit>

Tc(= T2)
<latexit sha1_base64="T7ZSbgzi9Hprlk/K2EU9Udt/9sY=">AAAB8HicdVBNSwMxEM3Wr1q/qh69BItQL2W3ra5epOjFY4W2VtplyabZNjTJLklWKEt/hRcPinj153jz35i2K6jog4HHezPMzAtiRpW27Q8rt7S8srqWXy9sbG5t7xR39zoqSiQmbRyxSHYDpAijgrQ11Yx0Y0kQDxi5DcZXM//2nkhFI9HSk5h4HA0FDSlG2kh3LT8uX7T86rFfLNkV263V7XNoyByGuNXqiVuDTqaUQIamX3zvDyKccCI0ZkipnmPH2kuR1BQzMi30E0VihMdoSHqGCsSJ8tL5wVN4ZJQBDCNpSmg4V79PpIgrNeGB6eRIj9Rvbyb+5fUSHZ55KRVxoonAi0VhwqCO4Ox7OKCSYM0mhiAsqbkV4hGSCGuTUcGE8PUp/J90qhXntFK/qZcal1kceXAADkEZOMAFDXANmqANMODgATyBZ0taj9aL9bpozVnZzD74AevtE5oPj6U=</latexit>

Tp(> T2)
<latexit sha1_base64="5bb5l50kXDAxlHoheLwikKPN5fA=">AAAB7XicdVBNS8NAEN34WetX1aOXxSJ4Kklbjd6KXjxWsB/QhrLZbtq1m03YnQgh9D948aCIV/+PN/+N2zaCij4YeLw3w8w8PxZcg21/WEvLK6tr64WN4ubW9s5uaW+/raNEUdaikYhU1yeaCS5ZCzgI1o0VI6EvWMefXM38zj1TmkfyFtKYeSEZSR5wSsBI7T6XAaSDUtmu2G6tbl9gQ+YwxK1WT90adnKljHI0B6X3/jCiScgkUEG07jl2DF5GFHAq2LTYTzSLCZ2QEesZKknItJfNr53iY6MMcRApUxLwXP0+kZFQ6zT0TWdIYKx/ezPxL6+XQHDuZVzGCTBJF4uCRGCI8Ox1POSKURCpIYQqbm7FdEwUoWACKpoQvj7F/5N2teKcVeo39XLjMo+jgA7RETpBDnJRA12jJmohiu7QA3pCz1ZkPVov1uuidcnKZw7QD1hvnwvwj3Y=</latexit>1

<latexit sha1_base64="iorXiPfb2Uw1MO8UTQJzs+wHc8g=">AAAB8XicdVDLSgNBEJz1GeMr6tHLYBA8hd0kunoLeskxgnlosoTZyWwyZB7LzKwQlvyFFw+KePVvvPk3TpIVVLSgoajqprsrjBnVxnU/nKXlldW19dxGfnNre2e3sLff0jJRmDSxZFJ1QqQJo4I0DTWMdGJFEA8ZaYfjq5nfvidKUyluzCQmAUdDQSOKkbHSXU9x2LitS6H7haJbcv1K1b2AlsxhiV8un/oV6GVKEWRo9AvvvYHECSfCYIa07npubIIUKUMxI9N8L9EkRniMhqRrqUCc6CCdXzyFx1YZwEgqW8LAufp9IkVc6wkPbSdHZqR/ezPxL6+bmOg8SKmIE0MEXiyKEgaNhLP34YAqgg2bWIKwovZWiEdIIWxsSHkbwten8H/SKpe8s1L1ulqsXWZx5MAhOAInwAM+qIE6aIAmwECAB/AEnh3tPDovzuuidcnJZg7ADzhvn07PkLQ=</latexit>

PYHons

<latexit sha1_base64="Ad3NqZfs9BeAPkjwDZLLZHssCt4=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFc2JKk1eiu6MZlBfuANJTJdNIOnTyYmQgl9CPcuFDErd/jzr9x2kZQ0QMXDufcy733+AlnUpnmh7G0vLK6tl7YKG5ube/slvb22zJOBaEtEvNYdH0sKWcRbSmmOO0mguLQ57Tjj69nfueeCsni6E5NEuqFeBixgBGstNRxK/ZpxfL6pbJZNZ1a3bxEmsyhiWPbZ04NWblShhzNfum9N4hJGtJIEY6ldC0zUV6GhWKE02mxl0qaYDLGQ+pqGuGQSi+bnztFx1oZoCAWuiKF5ur3iQyHUk5CX3eGWI3kb28m/uW5qQouvIxFSapoRBaLgpQjFaPZ72jABCWKTzTBRDB9KyIjLDBROqGiDuHrU/Q/adtV67xav62XG1d5HAU4hCM4AQscaMANNKEFBMbwAE/wbCTGo/FivC5al4x85gB+wHj7BNSMjps=</latexit>

[�2,�1]

<latexit sha1_base64="IGJzOPQqfwMLnfmemvNIqOuW4WU=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwY5lpq6O7ohuXFewD2rFk0kwbmpmEJFMsQ//EjQtF3Pon7vwb03YEFT1w4XDOvdx7TyAYVdpxPqzc0vLK6lp+vbCxubW9Y+/uNRVPJCYNzBmX7QApwmhMGppqRtpCEhQFjLSC0dXMb42JVJTHt3oiiB+hQUxDipE2Us+2u0gIye+h69ylJ6477dlFp+R4lapzAQ2ZwxCvXD71KtDNlCLIUO/Z790+x0lEYo0ZUqrjOkL7KZKaYkamhW6iiEB4hAakY2iMIqL8dH75FB4ZpQ9DLk3FGs7V7xMpipSaRIHpjJAeqt/eTPzL6yQ6PPdTGotEkxgvFoUJg5rDWQywTyXBmk0MQVhScyvEQyQR1iasggnh61P4P2mWS+5ZqXpTLdYuszjy4AAcgmPgAg/UwDWogwbAYAwewBN4tlLr0XqxXhetOSub2Qc/YL19AmeLkuE=</latexit>

⇡ 10�11

<latexit sha1_base64="nuxB/tFbWTOXjDUw5uQeYwE/Jk8=">AAAB+3icdVDLSgMxFM3UV62vsS7dBIvgQspMWx3dFd10WdHWQmcomTTThmaSIcmIpfRX3LhQxK0/4s6/MW1HUNED93I4515yc8KEUaUd58PKLS2vrK7l1wsbm1vbO/Zusa1EKjFpYcGE7IRIEUY5aWmqGekkkqA4ZOQ2HF3O/Ns7IhUV/EaPExLEaMBpRDHSRurZRV/GkAv/GDauTUsIGvXsklN2vGrNOYeGzGGIV6mceFXoZkoJZGj27He/L3AaE64xQ0p1XSfRwQRJTTEj04KfKpIgPEID0jWUo5ioYDK/fQoPjdKHkZCmuIZz9fvGBMVKjePQTMZID9Vvbyb+5XVTHZ0FE8qTVBOOFw9FKYNawFkQsE8lwZqNDUFYUnMrxEMkEdYmroIJ4eun8H/SrpTd03LtqlaqX2Rx5ME+OABHwAUeqIMGaIIWwOAePIAn8GxNrUfrxXpdjOasbGcP/ID19glVjpNd</latexit>

noHSpeak

<latexit sha1_base64="LUVAo4XrO/XvdYJ10ASTZt7ilpg=">AAAB/3icdVDJSgNBEO2JW4zbqODFS2MQPIQwk0RHQSXoxWMEs0AmhJpOT9KkZ6G7RwgxB3/FiwdFvPob3vwbO4ugog8KHu9VUVXPizmTyrI+jNTc/MLiUno5s7K6tr5hbm7VZJQIQqsk4pFoeCApZyGtKqY4bcSCQuBxWvf6l2O/fkuFZFF4owYxbQXQDZnPCCgttc0dOHOBxz3AKufmvFPLdTPk3GqbWStvOcWSdYI1mUATp1A4dIrYnilZNEOlbb67nYgkAQ0V4SBl07Zi1RqCUIxwOsq4iaQxkD50aVPTEAIqW8PJ/SO8r5UO9iOhK1R4on6fGEIg5SDwdGcAqid/e2PxL6+ZKP+4NWRhnCgakukiP+FYRXgcBu4wQYniA02ACKZvxaQHAojSkWV0CF+f4v9JrZC3j/Kl61K2fDGLI4120R46QDZyUBldoQqqIoLu0AN6Qs/GvfFovBiv09aUMZvZRj9gvH0CYCKUag==</latexit>

a = ↵t, b < 0

c > 0

Mottness
Superconductivity



Topology + Strong Correlations?

Are Exact Statements Possible?

topological MI topological MI 

Haldane +HK model

TI

<latexit sha1_base64="RhVze9yQW1W8h1l54jVlyZRdYlw=">AAAB6XicdVDLSsNAFJ34rPVVdelmsAiuwiTWpt0V3bisYh/QhjKZTtqhk0mYmQgl9A/cuFDErX/kzr9x0lZQ0QMXDufcy733BAlnSiP0Ya2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWd3qaUD/CI8FCRrA20m1/NiiVke06Xv3Cg8hG9WrNzYmHnPOaCx0bzVEGSzQHpff+MCZpRIUmHCvVc1Ci/QxLzQins2I/VTTBZIJHtGeowBFVfja/dAZPjTKEYSxNCQ3n6veJDEdKTaPAdEZYj9VvLxf/8nqpDmt+xkSSairIYlGYcqhjmL8Nh0xSovnUEEwkM7dCMsYSE23CKZoQvj6F/5O2aztVu3JTKTcul3EUwDE4AWfAAR5ogGvQBC1AQAgewBN4tibWo/VivS5aV6zlzBH4AevtExtZjcQ=</latexit>

}

1/4-filled MI


