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Strongly correlated metals comprise an enduring puzzle at the heart of condensed matter physics.
Commonly a highly renormalized heavy Fermi liquid occurs below a small coherence scale, while at
higher temperatures a broad incoherent regime pertains in which quasi-particle description fails. Despite
the ubiquity of this phenomenology, strong correlations and quantum fluctuations make it challenging to
study. The Sachdev-Ye-Kitaev(SYK) model describes a 0 + 1D quantum cluster with random all-to-all
four-fermion interactions among N Fermion modes which becomes exactly solvable as N ! 1, exhibiting
a zero-dimensional non-Fermi liquid with emergent conformal symmetry and complete absence of quasi-
particles. Here we study a lattice of complex-fermion SYK dots with random inter-site quadratic hopping.
Combining the imaginary time path integral with real time path integral formulation, we obtain a heavy
Fermi liquid to incoherent metal crossover in full detail, including thermodynamics, low temperature
Landau quasiparticle interactions, and both electrical and thermal conductivity at all scales. We find
linear in temperature resistivity in the incoherent regime, and a Lorentz ratio L ⌘ ⇢T varies between two
universal values as a function of temperature. Our work exemplifies an analytically controlled study of a
strongly correlated metal.

Prominent systems like the high-Tc cuprates and heavy

fermions display intriguing features going beyond the quasi-

particle description[1–9]. The exactly soluble SYK models

provide a powerful framework to study such physics. The

most-studied SYK

4

model, a 0 + 1D quantum cluster of N
Majorana fermion modes with random all-to-all four-fermion

interactions[10–18] has been generalized to SYKq models

with q-fermion interactions. Subsequent works[19, 20] ex-

tended the SYK model to higher spatial dimensions by cou-

pling a lattice of SYK

4

quantum clusters by additional four-

fermion “pair hopping” interactions. They obtained electrical

and thermal conductivities completely governed by di↵usive

modes and nearly temperature-independent behavior owing to

the identical scaling of the inter-dot and intra-dot couplings.

Here, we take one step closer to realism by considering a

lattice of complex-fermion SYK clusters with SYK

4

intra-

cluster interaction of strength U
0

and random inter-cluster

“SYK

2

” two-fermion hopping of strength t
0

[21–25]. Un-

like the previous higher dimensional SYK models where lo-

cal quantum criticality governs the entire low temperature

physics, here as we vary the temperature, two distinctive

metallic behaviors appear, resembling the previously men-

tioned heavy fermion systems. We assume t
0

⌧ U
0

, which

implies strong interactions, and focus on the correlated regime

T ⌧ U
0

. We show the system has a coherence temperature

scale Ec ⌘ t2

0

/U
0

[21, 26, 27] between a heavy Fermi liquid

and an incoherent metal. For T < Ec, the SYK

2

induces a

Fermi liquid, which is however highly renormalized by the

strong interactions. For T > Ec, the system enters the incoher-

ent metal regime and the resistivity ⇢ depends linearly on tem-

perature. These results are strikingly similar to those of Par-

collet and Georges[28], who studied a variant SYK model ob-

tained in a double limit of infinite dimension and large N. Our

model is simpler, and does not require infinite dimensions. We

also obtain further results on the thermal conductivity , en-

tropy density and Lorentz ratio[29, 30] in this crossover. This

work bridges traditional Fermi liquid theory and the hydrody-

namical description of an incoherent metallic system.

SYK model and Imaginary-time formulation - We consider

a d-dimensional array of quantum dots, each with N species

of fermions labeled by i, j, k · · · ,
H =

X

x

X

i< j,k<l

Ui jkl,xc†ixc†jxckxclx +
X

hxx0i

X

i, j

ti j,xx0c
†
i,xc j,x0 (1)

where Ui jkl,x = U⇤kli j,x and ti j,xx0 = t⇤ji,x0x are random zero mean

complex variables drawn from Gaussian distribution whose

variances |Ui jkl,x|2 = 2U2

0

/N3

and |ti j,x,x0 |2 = t2

0

/N.

In the imaginary time formalism, one studies the partition

function Z = Tr e��(H�µN)

, with N = Pi,x c†i,xci,x, written as

a path integral over Grassman fields cix⌧, c̄ix⌧. Owing to the

self-averaging established for the SYK model at large N, it is

su�cient to study

¯Z =
R

[dc̄][dc]e�S c
, with (repeated species

indices are summed over)

S c =
X

x

Z �

0

d⌧ c̄ix⌧(@⌧ � µ)cix⌧ �
Z �

0

d⌧
1

d⌧
2

hX

x

U2

0

4N3

c̄ix⌧
1

c̄ jx⌧
1

ckx⌧
1

clx⌧
1

c̄lx⌧
2

c̄kx⌧
2

c jx⌧
2

cix⌧
2

+
X

hxx0i

t2

0

N
c̄ix⌧

1

c jx0⌧
1

c̄ jx0⌧
2

cix⌧
2

i
. (2)

The basic features can be determined by a simple power- counting. Considering for simplicity µ = 0, starting from
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