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Complex SYK model

I Hamiltonian H = 3/2 Z Jij: le c CcLC] — ,LLZC c;i I"BHI$%& () +,
1,7,k,l=1

. 7"8$)9:2Bi<= 3#'4(2?@ (34

{Cz’ ¢} = dis (il *) = J° Jijht = Ik i A'4=3#B(1:(1 3HI$%&'() *+C

I Complex SYK model has the Tensor model counterpart
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I Complex SYK g model
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Complex "#$%&'()

. . 1 : :
I Replica trick log Z = limnﬁog(zn — 1) and average over disorder give
> G effective action

F 2
—% = logdet(& o E) — /dTldTg (E(Tl,TQ)G(Tl,TQ) — J?G(Tl,Tg)q)

I One obtains Schwinger-Dyson equations
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I Here we set the chemical potential to zero =0

G(t) = —-G(-7)
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I In the case of zero chemical potential two-point function is as in SYK model
Plot of G(6) for ¢ = 4 and 8J = 207
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I Leading approx: two-point function of operators with dimension A = L
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Four-point function
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K(71,72;73,74) = —J° (gG(7'13)G(7'24)G(7'34)q_2— (%—1)G(714)G(723)G(734)q_2)
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F(11, 72373, 7a) = FA(71, 72373, 74) + F (11,723 73,74)  FAS (14, 10373, 74) = FFAS (10, 715 73, 7a)
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Spectrum of Conformal Kernels

» Kernels act on symmetric and antisymmetric functions correspondingly
K® = —J?G(113)G(724) G(734) 1> KA = —J%(q = 1)G(113)G(724) G(734) >
» There is a Casimir operator, which commutes with conformal kernels

[K2.C]=[K2,C1=0 G(0) = Ge(0) = (pa(0)va(0))
« Eigenfunctions of the Casimir
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* They are eigenfunctions of the conformal kernels
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Back to Four-point function

I Using the basis of eigenfunctions we can write for the four-point function

1 1 g |]: (U5 |76
h 0 h!1Y 0 A

Old problem: » =2 mode: r4(r=2)=1 and we get singularity

' New problem: n=1 mode: ¢5(n =1) =1 and we get singularity

I Resolution: we should not use conformal kernel, but consider correction

K4S = —12(3 £ (4 = 1) Gl0:2)G (020G 00)"

G(Q) — Gc((g) + oG 6G(912) = g—f;/(; i d90<”¢A(91)wA(92)Oh:_1(60)>

I Corrected Kernels have corrected eigenvalues. So we expect roughly

RA=1- 2K kS =1 2K
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where dots denote higher ordersin 1/ when BJ —



Correction to h=1 and h=2 modes

| Corrected Kernels donOt commute with Casimir anymore

KAS = —J2(g + (% _ 1))G(913)G(924)G(034)q_2 G(0) — G.(0) + 6G

(K4, C #0
SO & IS not a good quantum number now. But we still have shift operator
D = 0y, + O, (K45, D] =0

which commutes with the corrected Kernels

0 —|—92
= 95 (019)

I Eigenfunctions of p =29, +9,, are v35(0,,0,) =e ™"

and labeled by integer number »

I In conformal case =2 and » =1 eigenvalues were degenerate in »
but correction lifts this degeneracy, so the answer we expect is
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Large q for Antisymmetric Kernel

J

q—1
2732

fixed. The Green’s function i1s

* Wetake ¢— o butkeep J =4

v

2 BT =

o(mv __ Tv|T| v
cos?(% — —5—) C0S 75
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BI (BT

* Now consider symmetric version of antisymmetric kernel " o

G(r) = %Sgn(T) (1 + ég(f) T, ) e9(T) —

where for large 57 onefinds v=1- 2 -

q—2

KA(01,0205,04) = —(q — 1)J2|G(012)] = G(013) G (024)|G(030)| T
. . . . . . 92 94
* Inthe limit ¢ — oo 1t takes the form, which is now independent on ¢ !
1

K(f:oo(ela 02;03,04) = —§j26%9(912)sgn(913)sgn(924)%9(934)

* FEigenvalues and eigenvectors now depend only on g7
/ d‘93d04j{(;1:oo ((91, 92; @3, 04)\11(93, (94) = kj;‘:OO\IJ(Hl, 92)
* Itis possible to find correction to the » =2 mode
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Large q doesnOt worlor Symmetric Kernel
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Direct approach to h=1 eigenvalues

J.Maldacena, D.Stanford ‘16

Consider correction as a perturbation of conformal kernel 5G
SKS = —J%G(012)] "% G(013)G(024) |G (054)| " — KE (01,6023 05, 04) s 4
7 7
« G(9> S GO +0G & GO) = Gl0) N
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G 87 m— ‘H‘
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fo(0) G.(0) ﬁj( tan%)

First order perturbation theory for energy levels (w.f. are unperturbed
harmonics of Casimir eigenfunctions)
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It 1s easy to compute rung correction and get divergence!
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La rg e n I i m it J.Maldacena, D.Stanford ‘16

* Consider eigenfunctions in h=1 sector. They have oscillating terms

1 . 01+09 Sinm
n—

Uy (01,05 = — 2
10 (01, 62) 2[n[1/2° y sin %1z

with frequency n .

* Ifwe take the limit » — +oc we expect everything dominated by small angles
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0 1
0 1/8J m o

0

e To utilize this idea let us redefine circle variable to 9 = =—— and
take limit » — +oc butkeep p=mn ,then we find

+ 2 +o0
0= r / do — —/ dr
n —1TT n — 00



Large n limit
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Computation of integrals
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Results

Using regularization and taking the limit ¢ — 0 we find

_nag ' 2(q! 2)
Okrung

= + rung Pnite part
33 c g P
N
2 -2
nog q— ) )
okS . = —( — -+ rail finite art)
ratl Bj e p

Divergencies exactly cancel! There i1s no log(5J) term!

We finally find
(L) = 14 05 + 05 = 1~ ages 1
dk: (2) |
Ogs — _2(q - ].) dh oG Wrong Apa = —(q
A PG -HrA-HrG+HrGG+1-4)
k2 (h) = —(q — 1)1“(1 + l)r(l)F(é _1_ @)F(@ _ 1y 1)
2 T g/m g/ 2 g 27732 ¢

Unfortunately this 1s a wrong answer!




Numerics for Kernel eigenvalues
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Numerics for Antisymmetric Kernel

Plot for k4(2,n) for n = 2 and different ¢
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Sanity checks for Symmetric Kernel

x107°
o . .
Difference between kg eigenvalues (¢ = 4)
]t for different number of grid points
Aks 6
4 -
2 i L] °
0 I I I I & 4
2 4 6 8 10 %10

grid points

Numerics for conformal kernel
T T
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Numerical solution for symmetric h = 1 eigenfunctions
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Numerics for Symmetric Kernel

Guess

dk2(2) q(q — 1)ag|n|

N

. Plot for k°(1,n) for n = 1 and different ¢
T T T T . R
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Thank you for your attention!



