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SACHDEV-YE KITAEV Model

SOLUBLE CFT - Maximally chaotic - 
HOLOGRAPHIC TO  

GRAVITY (STRING) IN AdS2 BULK

NEW CLASS OF LARGE N CFTS

BROKEN 1D DIFFEOMORPHISM IN IR -

Quantum Mechanics of N Majorana 
fermions with q-body  

quenched random interactions



SYK: an new class of Large N Theories
Hard

Matrix model 
planar diagrams

Easy

vector model 
bubble diagrams

Boundary: SUSY-YM SYK O(N) Wilson Fisher

Bulk:
Large gap 

Critical string 
Theory in AdS

Tower of massive  
particles 

?

Tower of massless  
particles  

Vasielev high spin 
theories

SYK 
melon diagrams



• Majorana fermions 

•            are Gaussian random, O(N) symmetric 

• Soluble for Large N 

• (Near) Conformal invariance for large J t  (IR) 

• Maximally Chaotic (Kitaev)
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2-pt function

• SYK solvable as a result of having a small & well-
organized set of Feynman diagrams: nested MELONS. 

Sachdev Ye ’93; Georges, Parcollet, Sachdev ’01;   Kitaev ’15
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• Only ladder diagrams 

4-pt function
Kitaev ’15; Polchinski, Rosenhaus ‘16;  Maldacena, Stanford ‘16
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SYK spectrum

• After disorder average, SYK has           symmetry 

• Singlet operators are On    

• Dimensions are when eigenvalues of kernel of four-
point function equal 1. At strong coupling, we have:
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SYK spectrum
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Conformal symmetry breaking

• Divergence due to  

• Result of IR limit (                ). Eliminate by 
including       corrections to IR two-point function 
appearing in kernel. 

• Analogous to breaking that occurs in AdS2 as 
studied by Almheiri, Polchinski ’14 

• Detailed story
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The Schwarzian

• Keep first correction to IR action 

• This is low energy effective action of SYK. In bulk: 
action of dilaton (boundary term) 

• Maximial chaos comes from this Schwarzian action
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• One loop exact.   Stanford & Witten



Large q simplification

With a single cut, 
 diagram splits into a tree

suppressed

Maldacena Stanford  ’16 
DG, Rosenhaus. ‘16



SUSY SYK Giatto, Maldacena, Sachdev, Fu ’16 
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Higher Dimensional SYK

• Interpret flavor as site, on a 1d lattice

Gu, Xi, Stanford, ‘16
H =
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Ji1,...,iq�i1 · · ·�iq (32)
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Balents, et, ‘17



Tensor SYK

•            variables  

•             symmetry
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We can write the Hamiltonian as a matrix model. This will be a matrix model with 4n
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Figure 3: The color coding is as follows: 01: red, 02: blue, 03: green, 12: black, 13: orange,
23: yellow. {Fig3}

2.2. Tensor SYK

We now consider the tensor SYK. The vertex is shown in Fig. 3. A melon diagram is

shown in Fig. 4. There are two ways to count the order of the diagram. The first is by

counting directly. The second is to consider the three di↵erent matrixations, (1.6, 1.7, 1.8).

Graphically these correspond to deleting the green and black lines, or the blue and orange

lines, or the red and yellow lines. We construct these three matrixations and count the power

of 1/n for each one (the genus). Then taking the sum of the genuses,

! =
X

J

gJ , (2.1)

the power of a diagram is
1

n! . (2.2) {PC}
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Witten ‘16



Colored Tensor Models

• Matrix models 

• Tensor models
0

1

2
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23: yellow. {Fig3}

2.2. Tensor SYK

We now consider the tensor SYK. The vertex is shown in Fig. 3. A melon diagram is

shown in Fig. 4. There are two ways to count the order of the diagram. The first is by

counting directly. The second is to consider the three di↵erent matrixations, (1.6, 1.7, 1.8).

Graphically these correspond to deleting the green and black lines, or the blue and orange

lines, or the red and yellow lines. We construct these three matrixations and count the power

of 1/n for each one (the genus). Then taking the sum of the genuses,

! =
X

J

gJ , (2.1)

the power of a diagram is
1

n! . (2.2) {PC}

3

2d geometry

3d geometry?

Gurau, Rivasseau, …  



The 1/n expansion is in powers of 1/np.

p= The sum of the genus of all planar 
graphs obtained by delating two colors .  

Differs from the  1/n expansion of SYK!



WHAT IS THE BULK  
GRAVITY/STRING 

THEORY?



Direct Approach :

• Need to know interactions of bulk fields. 3-pt 
function 

• This is a 6-pt function of fermions

D.G, V.Rosenhaus 
hep-th 1702.08016

On� �

� �

On



Here we have ignored the �(⌧12) that comes from di↵erentiating G(⌧12). We are also

suppressing order 1 constants.

The six-point function is thus,

S(⌧1, ⌧2, ⌧3, ⌧4, ⌧5, ⌧6) =
Z

d⌧

a

d⌧

b

d⌧

c

Famp(⌧1, ⌧2, ⌧a, ⌧b)Famp(⌧4, ⌧3, ⌧c, ⌧a)Famp(⌧5, ⌧6, ⌧b, ⌧c) ,

(2.8) {6pt1}
where Famp is given by (2.7). We write this as

S = sgn(⌧12)sgn(⌧34)sgn(⌧56)
X

n,l,m

h

n

h

m

h

l

c

2
n

c

2
m

c

2
l

|⌧12|hn |⌧34|hm |⌧56|hl
I(⌧2, ⌧4, ⌧6) (2.9)

where

I(⌧1, ⌧2, ⌧3) =

Z
d⌧

a

d⌧

b

d⌧

c

sgn(⌧
ab

)sgn(⌧
ca

)sgn(⌧
bc

)
⌧1a

⌧1b⌧ab

⌧2c

⌧2a⌧ca

⌧3b

⌧3c⌧bc

���
⌧

ab

⌧1a⌧1b

���
hn
���

⌧

ac

⌧2c⌧2a

���
hm

���
⌧

bc

⌧3b⌧3c

���
hl

(2.10) {6int}

or alternatively

I(⌧1, ⌧2, ⌧3) =

Z
d⌧

a

d⌧

b

d⌧

c

sgn(⌧1a) sgn(⌧1b)sgn(⌧2a)sgn(⌧2c)sgn(⌧3b)sgn(⌧3c)

|⌧
ab

|hn�1|⌧
ca

|hm�1|⌧
bc

|hl�1

|⌧1a|hn�1|⌧1b|hn+1|⌧2c|hm�1|⌧2a|hm+1|⌧3b|hl�1|⌧3c|hl+1
(2.11) {6int}

Comparing with (2.3), we should find,

I(⌧1, ⌧2, ⌧3) =
c

nml

h

n

h

m

h

l

c

n

c

m

c

l

1

|⌧23|hm+hl�hn |⌧13|hn+hl�hm |⌧12|hn+hm�hl
(2.12)

2.0.1 Integral

We need to evaluate (2.11). We change variables to conformally invariant cross ratios,

A =
⌧

a1⌧32

⌧

a2⌧31
, B =

⌧

b3⌧21

⌧

b1⌧23
, C =

⌧

c2⌧13

⌧

c3⌧12
(2.13)

The Jacobian is given by,

|dAdBdC| =
���
⌧23⌧21⌧31

⌧

2
a2⌧

2
b1⌧

2
c3

���d⌧
a

d⌧

b

d⌧

c

(2.14)

Also,

ABC = �⌧

a1⌧b3⌧c2

⌧

a2⌧b1⌧c3
. (2.15)

5

Conformal invariance implies that:

The coefficients

determine the 3-pt function of the massive fields in the bulk: 

Cn,m,l

< On(⌧1)Om(⌧2)Ok(⌧3) >=







For Large q 

�nmk ⇠ �free
nmk�nmk ⇠ �free

nmk
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and the 3-point function : is given by< �n(⌧1)�m(⌧2)�l(⌧3 >)

�nDim[    ] = hn ;  ✏n =
2

q

(2n2 + n+ 1)

(2n2 + n� 1)
hn ⇠ 2n+ 1 + ✏n

k = {1, . . . , f} (0.16)

O(N) (0.17)

O(N1)⇥O(N2)⇥ · · ·⇥O(Nf ) (0.18)

NX

i=1

�i @
1+2n
⌧ �i (0.19)

2

�n =In the large q limit, the operators greatly simplify. 
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j
j

k k

l

l l

PLANAR





1

1

1

1





• Can to use same methods to evaluate 4-pt, 5-pt,…
couplings in the bulk. 

•  Derivative couplings? Is the bulk theory “local”? 

• Are there hidden symmetries for large q? 

• Can SYK be embedded in critical string theory? Or 
in a new kind of “string theory”?

FUTURE DIRECTIONS



?
THE END


