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Generalizing SYK Model to two dimensions

• We need fields of dimension zero∫
dtΨDΨ −→

∫
d2zDΦD̄Φ. (1)

• We need positive–definite potential∫
d2zJi1...iqΦi1 · · ·Φiq −→

∫
d2z

(
Ci1...iqΦi2 · · ·Φiq

)2
. (2)

• N = 2 theory with holomorphic and homogeneous superpotential

flows to a true conformal point

W = Ci1...iqΦi1 · · ·Φiq . (3)
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One-dimensional superspace

• Supercoordinates

1 ≡
(
τ1, θ1, θ̄1

)
, D1 ≡

∂

∂θ1
+ θ̄1

∂

∂τ
. (4)

• Chiral fields

DΨ̄ = D̄Ψ = 0. (5)

• Chirality and SU(1, 1|1) group ⇒ bosonic cross-ratio

χ =
〈12〉 〈34〉
〈14〉 〈32〉

, D1 〈12〉 = D̄2 〈12〉 = 0. (6)
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Four-point function

Four-point function is a sum:

F =
F0

1− K
=
∑
h

1

1− k(h)

〈F0, ξh〉
〈ξh, ξh〉

ξh (χ) . (7)

ξh (χ) is an eigenfunction of the two–point Casimir:

C (χ) ξh (χ) = h2ξh (χ) . (8)

ξh is a linear combination of N = 0 eigenfunctions:

ξh = h
(
ΨA

h −ΨS
−h
)
. (9)
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Integration contour

Normalizable states: h ∈ iR or h ∈ Z.

- 2 - 1 1 2 3

F (χ) = −α
∑
m

Res
h=hm>0

1

4πh tanπh

1

1− k (h)
ξh (χ) , k(hm) = 1.

(10)

h = 1 : Q = R + θQ̄ + θ̄Q + θθ̄T . (11)
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Two dimensions

Superalgebra: su(1, 1|1)⊕ su(1, 1|1)

Normalizable states: h = l
2 + is, h̃ = − l

2 + is, s ∈ R, l ∈ Z.

Four-point function:

F (χ, χ̄) =
1

4π

∆

1−∆

∑
l∈Z

∫ ∞
−∞

ds

2π

k
(
h, h̃
)

1− k
(
h, h̃
) sinπh

cosπh̃
ϕh (χ)ϕh̃ (χ̄) .

(12)

Central charge:

c = 3N (1− 2∆) . (13)

Maximal Lyapunov exponent h + h̃ ∼ 0.6:

fR ∼ e(h−h̃)xe−(h+h̃)t . (14)
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Thank you!
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