
Superconductivity and Mottness: Exact Results

Luke Yeo Edwin Huang

Nature Physics, vol.16, 1175-1180 (2020) 
with N&V by J. Zaanen

G. La Nave

arxiv.org/abs/2103.03256



Cooper instability

px

py

�gb†pbp0

Eb / e1/g

h † †i = �ei�

Tc



FL ! BCS

Fermi Surface

+Spair

superconductivity
2�

Tc
= 3.5

1-1 
correspondence

irrelevant 
Srepul



Fermi gas

?
BCS 

superconductor 
Fermi  
liquid 



Is there physics 
beyond  
BCS?

fixed  
point beyond  

FL?



NiO insulates 
?d8

U � t

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
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No Mott Problem
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gap with no symmetry 
breaking not demonstrated!!

charge gap

U � t
U

Laughlin’s objection:

1

1

1

1 ! 2



� = Mottness

zeros

DetReG(! = 0, p)

6= 0= 0



counting particles
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is there a more efficient way?



E > "p

E < "p

"p E

counting poles (qp)

"p E

zero-crossing

 Luttinger counting theorem

n = 2
X

k

⇥(<G(k,! = 0))

DetG(! = 0, ~p) = 0

G(E) =
1

E � "p



strongly correlated gapped systems

How do zeros obtain?
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 Is the Hubbard model necessary?
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 No!

 Minimal model 
for Mottness?
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Surface
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How to destroy Fermi liquids?
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New fixed point!
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Hatsugai-Kohmoto Model (1992)
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non-local but correlations 
are local



relevant  
perturbation

General HK Model
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Hubbard band operators
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Mott transition: composite excitations

�E = U � 4dt = U �W
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n = 1.0 n = 0.875
HHK ⇡ HHubb DSWT



what does the HK model leave out??

dynamical spectral weight transfer

[Ht, HU ] 6= 0
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Superconductivity?



Cooper Instability
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variational wave function

| BCSi =
Y

k

(uk + vkb
†
k|0i

| BCSi =
Y

k>0

(u2
k + v2kb

†
kb

†
�k + ukvk(b

†
k + b†�k))|0i



| i =
Y

k>0

✓
xk + ykb

†
kb

†
�k +

zkp
2
(b†k + b†�k)

◆
|0i

HK 
generalization

11

2

00



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

three variational parameters

gap equation
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Bogoliubov excitations
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can we explain the color change?
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condensation energy

UV-IR mixing



condensation 
energy:HK model
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why?

H = HHK +Hp

[HHK, Hp] 6= 0

dynamical 
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general 

mechanism 
of the color 

change?



Superfluid Density

FL

doped MI

Mottness-induced suppression



Mottness

HK

Z2

non-BCS 
superconductivityviolation of Luttinger

PHYons

HM



11

2

00

HK and EFL?


