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Spin : o, Charge: e, Momentum: k
Mass: m, Magnetic moment: u
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Fermi Liquid Theory ﬂ(“.
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Spin : o, Charge: e, Momentum: k
Mass: m™, Magnetic moment: p*

Resistivity :p ~ T?

Specific heat:cyy ~ T
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The Yukawa-SYK model $‘(IT
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l. Esterlis, J. Schmalian. Phys. Rev. B 100.11 (2019): 115132
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The Yukawa-SYK model $‘(IT
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l. Esterlis, J. Schmalian. Phys. Rev. B 100.11 (2019): 115132
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The Yukawa-SYK model $‘(IT
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¥ Exactly solvable

« Critical solutions

Free fermions Quantum critical:
Impurity-like NFL o
1/10} « Superconductivity
e ® Finite dimensions
Quantum critical: ~/ 9_2
| SYK-NFL ) \ /
1 g A /

l. Esterlis, J. Schmalian. Phys. Rev. B 100.11 (2019): 115132
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The Dirac-SYK model — normal state A\‘(IT
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J. Kim, E. Altman, X. Cao. Phys. Rev. B 103.8 (2021): L081113.
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The Dirac-SYK model — normal state A\‘(IT
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" Disorder average
F = —kgTlog Z
Bi-local fields
G(z,a) = 5 X, ¢i (@) 9] (@)
D (z,2') = 3724 bk (z) o (')
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The Dirac-SYK model — normal state A\‘(IT
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" Disorder average " critical Solutions
F = —kBTlog A (G_l) (xlax) - = ((Gal) (Iaxl) - (:Eaxl))
1
Bi-local field D' x) =
n o 1 . T (a0 5 A 9
S = e ) S@2) = —gn 06 (z,0) '] D(2,2)
D(z,a2') = 37 2 ¢ (%) dr (2)

(&, 2) = —¢*Tr [FG (o, 2) TG (2,2)]
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The Dirac-SYK model — normal state A\‘(IT
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' Disorder average " Critical Solutions
_ - for large
F = —kBTlogZ ( J g)
G (k) ~ ki k2A+D=1
Bi-local fields (k) ~ Fun
D(q) ~q **P
G(aﬁ,x/) = % ZZ (I8 (ZL‘) %T (x/) )y (k) ~ _klu,y,u,k—2A—|—D—1
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The Dirac-SYK model - normal state
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' Disorder average | critical Solutions
(for large Q)

G (k) ~ kot k2A+D-1

F = —kBTlog A

Bi-local fields

D (q) ~ g *2*P
Gz, @) = %2, ¢ (@) ¢] (@) % (k) ~ —k, k= 2A+D-1
D (z,2') = 3724 bk (z) o (') I (q) ~ gta—b
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Gaussian Unitary Ensemble
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Gaussian Orthogonal Ensemble
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Gaussian Unitary Ensemble
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== No superconductivity
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Gaussian Unitary Ensemble
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== No superconductivity
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Gaussian Orthogonal Ensemble
gijk = Gjik
== Maybe superconductivity?
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The Dirac-SYK model - superconducting state \‘(IT
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' Additional bi-local fields:

Fa,a') = 2% (2) ¥ (2)

O(z),z) = g°n (fTﬁT (z/,z) f) D(z,z").
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The Dirac-SYK model - superconducting state ‘(IT
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" Additional bi-local fields: ' Linearized Gap Equation
Fla, o) = § 3% ()i (2') @ (k) =C [, (T7GE (~q) & () Gu (@) T) D (g — k)
2 . B Tt (o T /
¢ (z,z) = g"ns (F F' (2, x) F) D (z,2). > Solvable by tuning fermion-to-boson ratio
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The Dirac-SYK superconductor A\‘(IT
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free fermions

v Superconductivity
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