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Models

» d=1: SYK Model/ NAdS_2 (?)
Tensor models

» d=2,:AdS_3 HS / Minimal Models

» d=3 :O(N)Vector/HS Gravity ()

L= (0d) 09+ S x (5-9)

» d=4,5: Fishnet Matrix Models Kazakovetar17; (!)
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Bi-local Construction

N

U (21, 32) = % D> ilx1)di(x2)

1=1

» Bi-local Space (of CFT_d) : AdS {d+I} + SA{d-11Spin)

U(zh, xy) & H(x", z;S)
d+d = (d+1) 4+ (d—1)

One to One Operator ldentification



HS Equations

» Tensor Fields (Fronsdal)

2
—(O-m )by +sV (VR

s(s—1)
2w+2y—$mmw

» In AdS (d+1) space-time

fs)V

V/IV2h =0

fi3:++ s ) V112

» Traceless ,Symmetric



Physical Space for HS Theory

» de Donder gauge conditions:
pfee Iy
Y HNlMQ'“Ms T

1
(5’2 — ;) Hzll2~--,llx -+ c%Hum...ﬂS —

» Solving the gauge Conditions

» Reduced HS field

H(Qj‘i,z,é’) — Z ™" H(:I:s)(ajiaz)
s=1



Identification:Momentum Space
T (1.0 1.0\ _ TT( %
\Ij( 17k2) _ H(p 7p2:7(9)
» Fourier transform(s)
&;(ki,kg) = /dwidwé gir1k1 giza-k2 d(xh, h),

H(p',p*,0) = / dr'dzdS ePTeP *e'9% H(1', 2, S)

Change of momenta 7 = ki + ko

(d=2) p. = 2/ ki ky — 2/kiky

1 ( . kT . k—)
0 = — arCSIH—+ — arcésin —
p p



Realization of Conformal Symmetry SO(2,2
» HS AdS(3)

LédSQ,XSl — _’lp+
LAngxsl T 1 z
0 —DP X — 22]9
Aptp— — z\2
Lj‘x_ng,XSl — _Zp—i—(x—)Q + ,Lx—zpz L ,I:Z2p— T \/ p P (p ) Zng — 3

2pT
Bi-Local space

LY = —i(kf + k)
. 3, 3,
° Yok P okS
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Nonlinear Construction

» Collective Action:

_ ﬂ d 2 / é 2 . E
Scol = 5 /d T (Vx\lf(x,:c ))x/:x + 5 U (x,x) 5 Trlog W
» Expand :Large N background
1 —
(1, 22) = Yo(z1,72) + \/—N‘I’(l’l,f@)

(1)0(171,172) = I1 e—e I

Complete sequence of Vertices: Expansion in |/N=G
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Interaction Vertices
All orders :

Zn Tr (Pl xPx--- P71 5D
277,]\7__1 U U

Star Product= Matrix product (bi-local space)

n (78]



The Propagator

Collective Laplacian: in the quadratic term

Loi = |z1of*|zaal*| @5 (1, 23)85  (z, z4) + N 0%(x19)8% (z13)0% (214) | .

» Simplest(free) case

A~ 1
£bi ~ C4‘|—1022

1
~ 1 T — x2\4

0.0 0 0
8581 8331 8$2 Gxg




d=2 Example

» Eigenfunctions :

/d2x3d2x4 K(x1,x2; 23, T4)Un s (3, 24;0) = 4An sUn.s(T1, T2; D)

given by Bessel functions:

- = = L 57 . S
Yn,s(T1, T2;P) = |72 €™ Kneaon (ipn) Kns—1 (ip7)

With eigenvalues:

AR, s) = i(m h+s—2)(h—s)(h—s—2)



Momentum Space

» Fourier Transform of the eigen-functions (d=2)

n.s(k1, ko P) = 6(ky + kg — ) F(ET)F (k™)

. . + . — :
i S (arcsin 2 —arcsin E—) 4
2 pT p

h
e 2

. + . —
(arcsin £ 4arcsin £-)
pT p

FkH)F(E™) =

V(ED)?2 = (pP)2 (k)2 = (p7)?

* Momentum space CFT: Skenderis et al
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Cubic Vertex

» The bi-local cubic vertex/d=2 :

V+

Transforms into: AdS form

V(Jgr)(ph ¢1, 0102, P2, 025 p3, P3,03)
x 0(py +p3 +1p3) 5(193(1 + sin(¢2 + 62)) + p3 (1 — sin(¢s + 93)))

< 8 (it (1= sin(én +62)) + g (1+sin(65 +63) )



o o 0 o

, a9 .
Laplacian: ™~ 3 52102 9z
»  AdS form ;

1 3 : -\ 2 "2
S = - / d3zde \/§H(DAd53 + (9 + 1) )(DAdsg + (8p — i) )H

A sequence of (physical) : h=s+d-2 (HS states
And: h=s+d (unphysical :higher twist states)

Decoupling of the second branch will be important when

evaluating the exchange diagrams.
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AdS Space (for the Fishnet Model)
» The ‘Fishnet’ Mode

Tr[ (.LQ)]]

Summing fishnet’ diagrams and solving for the eigenvalue
spectrum gives

Ah,s) = 16(h+s— 2)(h+s)(h—s—2)(h—s—4) — &*

Which translates into bi-local theory as:



Fishnet Model(ctnd)

» The Collective Laplacian :

~ 1 ,.
Ly = Z(Il — 19)% 07 05 — ¢

Kazakov et al, have not given ¢4 AdS_5 interpretation,

but through the bi-local Map we see ;

(DAdS - m%(s)) (DAdS — m%(s)) + ¢4

:a deformation of the ‘free’ bilocal theory.
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The SYK Model/ADS_2

» The Collective Laplacian /

@61(171,153)(1)61(172,;64) + /\5d(‘~612)5d(1513:

Translates into AdS 2

S x U(t,z) ﬁ ( AdS, — M,,Qn)cb(t, z),

m=1

With an infinite sequence of masses:

1 2 TPm



BI-LOCAL WITTEN DIAGRAMS

» Background expansion

4
N
Sl = / TT dzan(zs, 22Kz, 2; 23, 24)n(xs, 24)
a=1

N
_ ETI(\Pal*n*\Pal*n*\Ifo_l*n)

N
+ gTr(\Ifal*77*\1!51*77*\1!51*77*\1!51*77) + -

where

&5 (z1,20) = Tie----012



BI-LOCAL DIAGRAMS

» the contact diagram: .\\ //.‘

» The s -channel exchange diagram:

/

Y1 Ya

y'n'\\‘
il

Ya

\
—————
7

<77’(y1, y1)n' (y2, y5)n (y3, y3)n' (ya, 'ya)>s = 3 3 )
\\ Y3
Y5 Y3

Plus t and u channel diagrams.
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Current Correlation Functions

» A 4-pt function of bi-locals:
(n(@1, @0, h)n(ws, a)n(we, 24) )
generates general 4-pt functions of higher spin-currents

<Js1 (z1,21)Jsy (2, 29) - - - T, (T, 3n)>

by action of

n N — G (_1)k - s—k(s k
Dy(x,z') = Zk!(s_k)! (2-0,)"%(2-0u)

on each leg/
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EVALUATION:two roads

» The bi-local basis

il?l. .CL’Q

l. PY /

D /. 1y — Tleqe—eoT2 3| Lo
= (T, 220, 7)) = — +

(P) At Lt ! ———® ./ T T

Iy To 1 2

o Sogl

Iy Lo

» Or the cpw basis

Yy (1, T2;0)0n s(X3, T4;p
D($1,$2;$3,$4) X Z h ( ) S( )

i [z1 — x2||x3 — 24| A s
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Propagator(ctnd)

» Orthogonality condition of the Bessel function fixes
normalization as

/d2$1d2$2 |$12\_4¢Z,3($17$2;p)¢h/,s’(ﬂ71,332;]9/)
d(h—h")o(s — ')

vu sin(mv) sin(no)

= 167°5°(p — p')

where h+s—1 h—s—1
2 ’ 2

» This bi-local propagator:

||
T
]

vV

v sin(mv) sin(n) V5, (21,225 p)Yn, s (T3, T4;p)

D(xlaxQ; 3337374) — Z

3 3670\, o |z1 — x2|? |23 — 14]?
h,s,p ’
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Bi-local Diagrams

» 3-point function

24

<5(y1 Y1) P (2, ¥5) P (ys, y§)>

3/1[ Iyi

| 3 \ —
yé '// - J\\. Y2
Y3 Yo
T1 To T



S-channel diagram

» Diagrammatically this implies

Cancelation :at the vertex and each line of the bi-local
propagator ( free) theory.
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S-channel (CPW version)

» S-channel :in terms of cpw’s

<n<x1,az'l)n(xg,x;>n<x3,xg>n<x4,xa>>
/2 1o dh < p(h, s)
d

5_7/00 27Ti =0 )\h,s

S

/ ddy A(xla x/17 L2, ZU/27 Y, h7 S)A(y7 h*v S; X3, Qﬁé, Lg,X
A is the 3-pt function, expressed as

A(x1, 21302, 29y, hy s) = g3 Po(2, ¥2) ¥ s(71,79;Y)
+ (3 permutations of external points)
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Conformal Block Expansion

» Obtained [Dolan & Osborn ] after intermediate integration

/d2y Vh,s (Y1, Y25 Y)Vne s (Y35 Y43 )

m Td- héS)F(%S)
T (Y1222 [ysaf?8 T(hg)(1 — h52)
1 F2( ) 1 FQ(h*—s)
X Frnis nes n 2 ), .
[Kh*+s h*—g FZ( ) h;r ’h2 (77777> + Khl s FZ(hT) h*4+s h (77777)
2 ’ 2 : »

with
Fy 5(z,z) = 27 o F1(B, 8;28;2) 2° 2 Fy (B, B; 28; &)
expressed in terms of cross-ratios

__ Y12¥34 7 Y12Y34
?J13y24 Y13Y24
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S-channel Contribution

» Therefore, the s-channel contribution is given by the
sum(integral) over conformal blocks

23+ ps(iv) ~
Z (271-)3 )‘A.s [{iu,sG%_HV’S('U, ‘U)

S,V

» Here 4 _ 16

Vo [(@)? = (s = 9] [()* - (s + 3)°]

» We have poles at the physical

U — 5 — L
w=s5—3

And cancellation of additional poles at(unphysical) values :
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Evaluation(s-diagram)

» Cancelation, due to a nontrivial identity:

-

1 16 «— 23+5 p_(i ~
2 pS(ZV)K

iV,SG%+iV,s(u? 'U)

Res
iv=s+2n+$ [T12|%|z34[* N &4 (27)° Aas

1 16 2%+s+2n+2

+ Res Ps+an+2(iV) K. Gs

3.4 u,v) =0
iu=s+% |-’1712|2|;'1334|2 N oo (27{)3 /\%+iu,s+2n+2 2-+-w,s+2n-+—2( )

<

» The only contribution that remains is at v = s —

1 2
2 .2 \2A Z Cs Gsyd—2,s(u, v)
(Y12¥34) s>0, even

1
2

2 _ 2+ (A)3
29 S sl (2A+s—1)s




S-channel Diagram

» Therefore, the s-channel diagram in(cpw) basis

1 p)
2 2,)2A Z s Gsia—2,5(u,v)
(y123/34) s3>0, oven

o _ 2571 (A)
S S! (QA _l_ § — ].)S .

cC

» Equal to

1)9A l(%)AJ”‘A] =A+B

751 Y4 U1 Y

Y2 Y3 Yo ua
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Comparison

Bekaert, Erdmenger, Ponomarev and Sleight
arXiv:1508.04292

:evaluation of 4-point Witten diagrams (s=0) in AdS

» In the BEPS diagram :both single trace and double-trace
participate

» In the BiLocal theory only single traces appear,
representing the fields of the theory.
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Question of Locality
(Sleight & Taronna '17] [Ponomarev '17]:

No-Go statement :quartic couplings of higher spins theory
contain 1/0aqs type Non-locality

» In contrast, bi-local theory features

VBZH@.(...), V4:H5i(m)

» Stuckelberg fields/
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Outlook
» BiLocal Collective Theory : Field Theory of Higher Spins

» Loops : dynamical mass generation

» Classical , non-perturbative solutions(of HS gravity)
(wormholes in SYK)

33



