Towards a String Dual of SYK

Akash Goel

Princeton University

June 23, 2021

Based on arXiv:2103.03187 [hep-th] with Herman Verlinde.

Akash Goel (Princeton University) Towards a String Dual of SYK June 23, 2021

1/6



SYK Model

@ Model of N interacting Majorana fermions with Gaussian random
couplings - [Sachdev, Ye; Kitaev; Maldacena, Stanford; ...]

B=27
Ssyk = /0 dr (Zwiaﬁbi—f‘fsw),
p!

HSYK = ip/2 Z Jil...ip¢i1¢i2 .- -wipa <Ji21...ip> = j2 W

i.eeip
@ Admits a bilocal effective action -
S J?
N = |Og Pf(@T — Z) — /dTldTQ [GZ — MGP] .
@ Has an effective Lorentzian Liouville description in the double scaling
2
limit - p — 00, N — 0o with 28~ = X fixed.
@ Is a useful toy model for quantum gravity - would like to embed

within string theory.
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(p, g) Minimal String Theory

@ Minimal CFT + Liouville gravity, cym + ¢ = 26,
with cy =1—6(b— b~1)%, b2 = p/q.
Operator Spectrum
» Tachyons, 7, = cCO, ;€25?.
» Ground ring - O, s = L, ;- O, ;€*Pr=? generated by 01, = %, 021 = §.
@ Branes [Seiberg, Shih '04]

» FZZT, branes with boundary cosmological constant,
x = pp = cosh(mbo), y = 0, 2.

» 77, branes.

» Live on semiclassical target space - Tq(x) = Tp(y).

Two-matrix model dual [Daul, Kazakov, Kostov '93]

Zpg= /dAdB e TT(Vo(A)+Ve(B)-AB) V(A= gnA", W(B)=3" t,B".
k=1

n=1

(p, @) minimal string - tune to (p, g) multicritical point in double
scaling limit.
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Setup : Brane Construction

@ FZZT brane insertion at location x,
V(x) =det(x — B) = exp (Trlog(x — B)).

Insertion of Q@ FZZT branes,

W(Xg) = det (Xo ® 1y — 1o ® B) = / ditdy ¥ (KB ln-1o8B)¢

Vi ZZ-FZZT open string with i=1,...,N,a=1,...,Q.
Consider (p,1) MST with Q FZZT branes

/dAdB e*Tf(Vp(A)fAB) /dwwa ewT(XQ®lN71Q®B)w

k

k
Colour-flavour map : Trpy (wzﬂ) =trgQ (sz)
o FZZT worldvolume description in double scaling limit equivalent to
Kontsevich matrix integral Ai,(Xg) .
[Maldacena, Moore, Seiberg, Shih '04; Hashimoto, Huang, Klemm, Shih '05;...]
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Mapping to Non-Commutative Torus

> Wl Xoti—T?tro 6P N
o Matrix SYK model: [ dipdipt e s Gab = 3 2 Visthin.

e Map Ggx @ to bilocal functions,
» Introduce clock and shift matrices.

Uv=wue, U°=ve=1 , ¢=¢" n=21/Q,
1 0 0 0 1 0 oo 0
0o & - 0 00 1 - 0
U: : : - : 9 V: . . . .
0 . 0 o1 10 - 0 0

Q Q . .
> G= 3 GumU'V™ 5 Guv)= 3 GoyelMem .

n,m=1 n,m=1

> G- G GxG= eMAI=0G(u v)G(1, V)]
> Yo = 2 (u)lu), Ulu) = e®[u), Viu) = |u—H).

. du dv
o tro— [ S
v

@ We choose iXg = V=12 _ y1/2 gych that,
iXoy(u) =1 (u + g) — (u - g) = hoyp(u).
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Conclusions and Comments

N A 2
°o S= [ L;w? (8u—2)wi+/\/(2*g—§7g*")],
G(u,v) = & S (u)i(v) with G(u, v)t = G(v, u).

e X - singularities of spectral curve of (p, Q) minimal string.

N=pQ
Minimal String v
#2Z branes Y
.

N

@ Phase structure -

I N>pQ
) /’ N<pQ
&° . &
o &

AR
,)I 4\2\‘

— #FZZT-branes Q

e Double-scaled SYK limit — S[g+,g-],
with ¢ = 13 & i~ satisfying ¢, + c— = 26.
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