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ARXIV: 1412.0016 AND WORK IN PROGRESS
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MOTIVATIONS

B QUEST FOR QUARTIC INTERACTIONS

[VASILIEV’9O][METSAEV’91][TARONNA’1 1 ][DEMPSTER,TSULAIA’12]

B LOCALITY OF HOLOGRAPHIC BULK DUALS

[GARY,GIDDINGS,PENEDONES’O9][HEEMSKERK,PENEDONES,POLCHINSKI,SULLY’09]

B LOCALITY IN HS THEORIES

CLEAR DEFINITION OF LOCALITY/NON-LOCALITY FOR THEORIES WITH
INFINITELY MANY DERIVATIVES

1 1
¢ =4 ¢ = ¢ exp ()67

® NON-TRIVIAL TESTS OF THE HOLOGRAPHIC HIGHER
SPIN CONJECTURE

[SEZGIN,SUNDELL’O2][KLEBANOV,POLYAKOV’02]
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RBATIVELY

B NONLINEARITY AT QUARTIC ORDER

QUADRATIC IN DEFORMATIONS

B PROLIFERATION OF DIFFERENT STRUCTURES

G Zan78906’m el v

Rt lidedl

B DERIVATIVES DO NOT COMMUTE IN ADS
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BULK: MINIMAL VASILIEV’S THEORY IN 4D
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BU]_K MINIMAL VASILIEV’S THEORY IN 4D
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590,111.../13 = v,ulg,ug...,us 5 Wy Sv==4s + D pidrsegwes

BOUNDARY: FREE O(N) VECTOR MODEL IN 3D
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CUBIC VERTICES
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CUBIC VERTICES

(s, (Y1) s (Y2) 55 (y3))

ALREADY KNOWN

(s, (Y1) s, (y2) Js5 (y3) sy (Ya))

TO START: QUARTIC VERTEX FOR SCALAR FIELDS




INGREDIENTS

3~-POINT FUNCTIONS AND WITTEN DIAGRAMS

BULK PROPAGATOR

BULK EXCHANGE

BULK CONTACT 4-POINT INTERACTION

4-POINT CFT CORRELATOR

PUTTING TOGETHER
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719 713 T3

Z(s)(aj) Tt ¢a($)a,u1 g 'a,us¢a($) e
A3:d+8—2
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(ﬁgi__gﬁi) (2;1__223)
713 23 FEERE Ry 23
251 Hs

—COOS AL EEAT FEIAT L EEREBAE SN SREATSIT SR A T AR A

(J2(21)I°(22) T, ., (%3))

M1...Us

2 2 2

719 13 Ta3

M aE— (5 Dala): o =0 (Gaemiite ) oalledl e - .
A=Ay =d—2

NOTATIONS:
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Tl o B

(m i %) £13 _ X23

0 0 . 713 723 ) FEERE ST 723 e
<‘] (xl)‘] (xZ)J,ul---,us (5133)> = COOS Aj+As—Ag+ts Ag+Aj—As—s Ag+Ag— A=
5 5 5

719 13 T'o3

M aE— (5 Dala): o =0 (Gaemiite ) oalledl e - .
A=Ay =d—2

NOTATIONS:

[DIAZ,DORN’0O6]
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HIGHER-SPIN BULK-TO-BOUNDARY PROPAGATOR
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3-PT WITTEN DIAGRAM

BULK:

goos Ads dd+1x\/§¢ulmus J,ul...us

AL 28g003/ dd“:c\/ggp“l“‘usgovm 28 Vo
AdS

HIGHER-SPIN BULK-TO-BOUNDARY PROPAGATOR

II,(X,W;P,Z) ~

GAlZ el D) = QL 2008 S 2

(—2X - P)&:s

AMBIENT FORMALISM FOR ADS

AdSgi1
Ade—l—l bulk

boundary
W and Z

%

%
%
%

R g =l e = =
X g=il
P2=0, P~aP

auxiliary vectors

— traces

[MIKHAILOV’02]




3-PT WITTEN DIAGRAM

BULK:

goos Ads dd+1x\/§¢ulmus Jul...us

4 28g003/ dd“:c\/ggp“’l“‘“sgovm 28 Vo
AdS

HIGHER-SPIN BULK-TO-BOUNDARY PROPAGATOR

V2 2 ) — A0 - 20102 21
(_2X : P)As—l-s

II,(X,W;P,Z) ~ — traces

[MIKHAILOV’02]
AMBIENT FORMALISM FOR ADS

AdSg. 1 R g =l e = =
AdS 41 bulk e el
boundary P°=0, P~aP

W and Z auxiliary vectors

PRODUCES A WELL-KNOWN INTEGRAL

[PAULOS’11][COSTA,GONCALVES,PENEDONES’14]




MATCHING E

U e 5 o G i




BULK TO BULK PROPAGATOR

WARNING: IT IS NOT JUST TRACELESS-TRANSVERSE

SCALAR

I 1
G(v) ~ v~ F (A,A— g Elh 5;2A—d+1;—>
v

GRAVITON

[D’HOKER,FREEDMAN,MATHUR,MATUSIS,RASTELLI’99]

SPIN-3 & SPIN-4

[LEONHARDT,RUEHL,MANVELYAN’O3]

OTHER RESULTS FOR HS

[FRANCIA,MOURAD,SAGNOTTI’O8][MKRTCHYAN’10]
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where 1/(—2P - X)? is a bulk-to-boundary propagator with m? = A(A — d)
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1 1
0, (X, X' dP | .
( ) o LAdS’ (_QP : X)d/2—|—’u/ (_2P . X/)d/2—u/

where 1/(—2P - X)? is a bulk-to-boundary propagator with m? = A(A — d)
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1 1
0, (X, X' dP | .
( ) o LAdS’ (_QP : X)d,/2—|—’u/ (_2P . X/)d/2—u/

where 1/(—2P - X)? is a bulk-to-boundary propagator with m? = A(A — d)

(R GRS FO i)

/ IS B =0 )

SCALAR BULK-TO-BULK PROPAGATOR

DOBREV, LEONHARDT, RUEHL, MANVELYAN, COSTA, PAULOS,
PENEDONES + OTHER LITERATURE ON MELLIN AMPLITUDES
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TT HS HARMONIC FUNCTION

(X, X W, W) x / AP y/0.5,(X, Py W, 8/0Z) Wy (X, Py W, Z)
0AdS

TRACELESS BASIS

B ) 0 OO DXy A S

= if:dybg(u) fddy

(=0
0AdS

[COSTA,GONCALVES,PENEDONES’14]




COMPLETE HS MASSLESS PROPAGATOR

FRONSDAL EQUATION WITH A SOURCE
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COMPLETE HS MASSLESS PROPAGATOR

FRONSDAL EQUATION WITH A SOURCE

(1 e 1/4’&%8“1 b aul) FS(Qfl,Ul,vl)HS(Qfl,U1,CU2,’UJ2) et
—{{(Ul s U2)2}}5($1, 962) i (U2 ; V2)A(£L’1, Uy, L2, UQ)
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M= 3" [ dvgej0)(944) (00 s
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1
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& 220 S L e gl e 80001
oy Eleists) (AR S0 ) DN SRR (Y 2= s D Wi 2L
o R G R R I e g S
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COMPLETE HS MASSLESS PROPAGATOR

FRONSDAL EQUATION WITH A SOURCE

(1 e 1/4’&%8“1 b aul) Fs(xlaula V1>HS(CC1,U1,CC2,’UJ2) et
—{{(Ul s U2)2}}5($1, 962) i (U2 ; V2)A(£L’1, Uy, L2, UQ)

)jﬂu,s—2j

X

9s,i (V) = 22j+3 e e (h+3—]—3/2)
(h/2+3/2—]—|—w/2)‘7 o =R S = = e @
(h/2—|—8/2—]+1/2—|—w/2) ) Z==s 0 = e L =G )

M2 2
MJ
R s i d+s5— 3, ...




EXCHANGES. SPL REPRESENTATION

Y

O (1) ' O () O (ys)
o) =5 foewal)

0AdS
O (y2) O (y4) O (y4)

= / ddy<00 (yl)O() (y2)0h+w,s (y)> <Oh—z’1/,s (y)O(yg)O(y4)>
0AdS

Fv,s(ua U) ok /ﬁ)(V, S)Gh+iu (ua U) §E HJ(_V? S)Gh—iv,s(u7 U)

PRODUCES THE CONFORMAL BLOCK DECOMPOSITION!

[COSTA,GONCALVES,PENEDONES’14]
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CONSISTENCY WITH GAUGE INVARIANCE
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REF NN GHSRFRESIE:

H1...Us
V3 # @ NVl s Vs dll
CONSISTENCY WITH GAUGE INVARIANCE
— AM1.- 21 -
Wip==12 *Jp1. e et ==l

IN FLAT SPACE

view J as an ambient space current

+
project to AdS hyperboloid

NO COMPACT FORM IN INTRINSIC TERMS
[BEKAERT,MEUNIER’10]




HS EXCHANGE IN GENERAL DIMENSIONS

[s/2]
As (y17 Y2,Y3, y4) . Z /dV bs—2k(V)F1/,s—2k (u7 U)
k=0

e = — S

o 3—2h—2(s—2k
(o et 0 ( 2! >) T2(1—h — (s — 2k)

7T3h—i—124h—|—6(s—2k)—|—3r2(2 i )7 i 2(8 ks 2k))

= = =
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2 2

[BEKAERT,ERDMENGER,P.,SLEIGHT’14]




HS EXCHANGE IN GENERAL DIMENSIONS

[s/2]
As (y17 Y2,Y3, y4) . Z /dV bs—2k(V)F1/,s—2k (u7 U)
k=0

e = — e

’ ,§2< 2( ))FQ(l_h_

‘ 2k)+3r2(2 — il = 2s = 25

== =————

'(k_m)'(A—h—k—l—m+1/2)k_m
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2 2

[BEKAERT,ERDMENGER,P.,SLEIGHT’14]
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IMP

ROVEMENTS

o % ON-SHELL TRIVIAL VERTICES

V3 ~ @wopoldps




HS EXCHANGE IN D=4

SIMPLIFICATION: CURRENTS ARE TRACELESS
A(P17P2; P37P4)
s /+°° 3 2722530 (4 + 2)1? (3(2s + 24w + 1))
vV 5 :
(P - Py)(P5 - Py) 75/20(iv) (2iv + 25 + 1)
2 (3(2s — 2iv + 1))

X Gh il/,S(u7U)
(4 LR GIR R g

— OO




HS EXCHANGE IN D=4

SIMPLIFICATION: CURRENTS ARE TRACELESS
U o s, Py )
s /+°° g3 2722530 (4 + 2)1? (3(2s + 24w + 1))
(P1 - P2)(Ps - Py) w5/2T (4v) (2iv + 2s + 1)
T2 (1(2s — 2iv + 1)
(2 + (s — 5)?)

— OO

Gh—|—7j1/,s (U, U)

CLOSING THE CONTOUR IN THE LOWER HALF PLANE WE PICK THE POLES AT:

—i(2n+s+1/2) = A;=h+w=2A+n+s=2d+2n+s—4
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HS EXCHANGE IN D=4

SIMPLIFICATION: CURRENTS ARE TRACELESS

A(P17P2; P37 P4)
e /+°° 2l G (O T 2, e )

d
BB (PP st s m5/2L (i) (2iv + 25 + 1)
U es e 1)

(2 + (- 3)?)

X Gh—|—7j1/,s (U, U)

CLOSING THE CONTOUR IN THE LOWER HALF PLANE WE PICK THE POLES AT:

—i(2n+s+1/2) = A;=h+w=2A+n+s=2d+2n+s—4

DOUBLE-TRACE OPERATORS O = B (Of od =10 (G0 (0 oo S

A= A(QOO) 5 A(¢a¢a)
y=—i(s=1/) = Aj=htiv=Ats=dts-2

SINGLE-TRACE OPERATORS T ik i
(CONSERVED CURRENTS) sk pi s OusPa b 1o




QUARTIC VERTICES
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Yy
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QUARTIC VERTICES

THE BASIS: ot e B G Gl T LS R=—221
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Yy
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e ek ey
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— 00
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DOUBLE TRACE POLES




QUARTIC VERTICES

THE BASIS: ot e B G Gl T LS R=—221

= J(@)0J(z) —» J(2)6(z,2")0J() —» J(@))_ / dv§dy s(z,z")0J (z')

Yy
O (y1) O (y3)

e ek ey

% A
O (12) a) OAdS 0 (1) 0 (y)
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(

A(P17P27P37P4)
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9

1
e Z)"FQ(Z(ZS — 2iv + 1))Ghip, s (1, 0)

THE ONLY DIFFERENCE WITH EXCHANGES T

DOUBLE TRACE POLES




CFT

4-PT FUNCTION VIA WICK CONTRACTIONS

(O(x1)O(22)O(23)O(24))
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4-PT FUNCTION VIA WICK CONTRACTIONS
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4-PT FUNCTION VIA WICK CONTRACTIONS
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CONFORMAL BLOCK DECOMPOSITION

SINGLE TRACE PART IS KNOWN

[DIAZ,DORN’O6]

DOUBLE TRACE PART?

IS KNOWN IN D=4 USING THE EXPLICIT FORMULA FOR CONFORMAL BLOCKS

[DOLAN,OSBORN’00]

WE NEED D=3!

METHODS IN GENERAL D

@ DIRECTLY THROUGH 3-PT & 2-PT FUNCTIONS
@ EMPLOYING EXPLICIT EXPRESSIONS FOR CONFORMAL BLOCKS

@ CONGLOMERATION

[FITZPATRICK,KAPLAN’11]
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PROBLEM:

O % Ui 05 il § (O] g g AN (Dt
FIND
On,s e Z as,n(sla S2, bla b27 b12)aa(31)|jb1 am(b12)018a(82)|:|b2 m(b12)02

S1,b1,b2

SUCH THAT K,uon,s =0




BFREGCT-NVEFH®D

Ol e R GUSY
PROBLEM:

K,0.=0, K,0,=0, AO))=A;, A(O:)=A

FIND

On,s e Z as,n(sla S2, bla b27 blZ)aa(sl)Dbl am(bm)olaa(sQ)DbQ m(b12)02
Sl,bl,bg

SUCH THAT K,uon,s =0

S! (Al —+ S1 -+ 2()1 -+ b12)32

as,n(81,82;b1,b2,b =]

v (—1)52t01tbap) (A1 +s+n)p, (A +s+n—0b1)p,

251+b2b1!b2!(n = bl T bz)' (Al i h)bl (AZ L h)b2

Xi bo! e e S A SRS ),
A k'(bg —k)' (A2—|—S—|—n—b1)k(A1 + s+ n+ by —k)k

AGREES WITH PARTIAL RESULTS IN THE LITERATURE

[MIKHAILOV’O2][PENEDONES’10][FITZPATRICK,KAPLAN’1 1]




OPE COEFFICIENTS

From (000, ;) and (O, sO,, s)

2
: (D2
sl (s+9) 2A+n—d+1),2A+2n+s5—1),2A +n+s— 2),

AGREES WITH
d = 4 result

[DOLAN,OSBORN’0O]
O(N?) part

[FITZPATRICK,KAPLAN’11]
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S VIR s

1
4 §<OOOO> ” + cross terms = (OOO0)




S VIR s

1
¢ §<C’)(’)C’)(’)> ” + cross terms = (OOO0)

EXAMPLES:
(OO00)=A+B+C

1 ; :
« 3(0000)” = A “ 3(0000) 7 = 5(A+ B)

1
4 OGO S A B =




S VPN

EXAMPLES:




S VPN

EXAMPLES:

1
3
-« 3(0000)” =A+B-C l

TO BALANCE SINGLE TRACE CONTRIBUTIONS
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;
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USE R RESENTATION

Solve for f,(v). Expand in Taylor series at v° = —s — 9/4 to get a, s
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® f;(V)‘s LAURENT SERIES CONVERGES TO f5(V)




WHY WE’D LIKE THAT Jf:s(v¥) DOES NOT CONTAIN POLES:

® f;(V)‘s LAURENT SERIES CONVERGES TO f5(V)

@ THE POLE OF fs(V) — GA,s WITH NOT DOUBLE-TRACE VALUE OF (Ays) FROM
DOUBLE-TRACE CONFORMAL BLOCKS.
CONTRADICTS TO LINEAR INDEPENDENCE OF CONFORMAL BLOCKS.
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® f;(V)‘s LAURENT SERIES CONVERGES TO f5(V)

THE POLE OF fs(y) = GA,S WITH NOT DOUBLE-TRACE VALUE OF (A, S) FROM
DOUBLE-TRACE CONFORMAL BLOCKS.
CONTRADICTS TO LINEAR INDEPENDENCE OF CONFORMAL BLOCKS.

CONFORMAL BLOCKS WITH DIMENSIONS DIFFERENT FROM DOUBLE-TRACE
VALUES IS AN ATTRIBUTE OF EXCHANGES. LOCALITY OF QUARTIC INTERACTIONS.




WHY WE’D LIKE THAT Jf:s(v¥) DOES NOT CONTAIN POLES:

® f;(V)‘s LAURENT SERIES CONVERGES TO fs(V)

THE POLE OF fs(y) = GA,S WITH NOT DOUBLE-TRACE VALUE OF (A, S) FROM
DOUBLE-TRACE CONFORMAL BLOCKS.
CONTRADICTS TO LINEAR INDEPENDENCE OF CONFORMAL BLOCKS.

CONFORMAL BLOCKS WITH DIMENSIONS DIFFERENT FROM DOUBLE-TRACE
VALUES IS AN ATTRIBUTE OF EXCHANGES. LOCALITY OF QUARTIC INTERACTIONS.

1
3(0000)” = A+B—-C = no poles for fs(v)
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REFINED VERSION: THE AMPLITUDE IS AN ENTIRE FUNCTION
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NON-LOCAL NON-LOCAL LOCAL

LEAVES ROOM FOR LOCAL INFINITE DERIVATIVE INTERACTIONS
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EXCHANGES IN A CROSSED CHANNEL, CROSSING SYMMETRY

VERTICES FOR FIELDS WITH SPIN, HIGHER VERTICES

OTHER DUALITIES. BULK DUAL OF QCD?

OTHER TECHNIQUES. MELLIN AMPLITUDES?




