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Introduction

@ AdS/CFT context: Operator Mixing crucial when we

have to compare observables on the two sides of the
correspondence

@ Planar N =4 SYM is governed by the superconformal
properties of the theory:

> diagonalization of the Dilatation Operator:
0O, T (O;(2)0;(0)) = Dy; ;
DO; = AO; <@Z(x)@J (O)> 5 xgzii
> N =4 SYM superalgebra highest weight state:
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Outline of the talk

@ Remarks about the AAS/CFT Correspondence

@ BMN/PP-wave subsector

@ HWS in string theory

@ Computation of the quantum corrections to the
SYM supercharges

@ Computation of the mixing terms for the two-
impurity multiplet Highest Weight State (HWS)

@ Role of the mixing terms in the computation of
the structure constants between two half-BPS
and one non-BPS operator.




Remarks about AdS/CFT

Type IIB String Theory N = 4 SYM on the
on AdSsxS? boundary of AdSs
Isometry group Symmetry Group pSU(2’2|4) Conformal symmetry
of AdSs ' SO '4 o SO 6 <Y group
Isometry group of S° ( 4 ) % ( ) R-symmetry group
Parameters
@ N - Fs flux units through S° @ N - rank of the gauge group SU(N)
D X0 - Axion vev @J -YMexp. \ = g2N
2
@ R - AdSs and S° radius R—/ = \/47TNgS @ () - Instantonic angle
Q
0  A4r 2 S
g Eo s i allows fo identify
on BN Js
R? % v classical
T t Hooft limit «—
v 7 —2\5‘ SO string theory
g )\ —

v 95 = N > strong c. limit——— supergravity



Strong/Weak Duality

@ Observables in the string side are associated fo
observables in the gauge theory side. They must coincide
at EACH ORDER in the coupling constant:

E(A) «— AN

@ BUT they are investigable in their perturbative regimes:
v A= AgE AN IR AT O e - 5 ()
s EQ)=VAE + B+ B/VA+O0OY) ) —

@ To overcome this weak/strong coupling nature of AdS/CFT
v Computation of protected quantities
v Integrability

v Focus on more tractable subsectors: PP-wave/BMN



PP-wave string theory

Type IIB string theory on AdSsxS?

1
Y- - E (dVAdS5 S dVS5) ¢ = const.

@ Introduce Light-Cone coordinate seft:
Lizks iy A
T = 2,u¢ = > E—=Hewe y — RO
@ Perform the R — oo limit keeping 2=, #, y fixed
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PP-wave string theory

@ Full interacting string theory

@ Free two-dimensional action: quantizable in term of eight
towers of bosonic and fermionic oscillators

(anﬁan) (bglazvbndléu) neN

@ Physical spectum: Fock space of states |s) built upon a

vacuum J|a = a'p")
1 S

D & W i
H_MZ &[ " an + bl b,

n=——oo

@ Maximally supersymmeitric background
> eight kinematical charges (Qt, QF

> eight dynamical charges €)M
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Supercharges in the PP-wave
background
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The dual BMN limit

In terms of \/ = 2mu|’riple’rs the R-symmetry group reads

SU(2)v x SU(2)g x U(1
@ Identify ( . (2)m X .( )‘_]

> SU 2y SEBU (2} 8 SO(4)fl |
s U(1); =2 translations ( J — o)

o Rewrite the 7 and Z translation generators in terms
of 9/01, 8/0t . The Penrose limit translate to:

AN Yol L g perturbative
expansion

—/J* -92 fixed e
N Hamiltonian 7/ o




PP-wave/BMN dictionary

@ Half-BPS sfa’res A = N/
N ZTr 9482760 2777] — ajai|a)

Pp=0)

@ Two-impurity string states

mn(2p + 3) g : R
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PP-wave/BMN string and
perturbative N=4SYM

@BMN is a complementary regime wrt A —0

@How do we use the double scaling limit?
Lo )

@ Perturbative expansion in ="~ &

@We have relied on this tfo compare the
mixing coeffcients we have obtained in
the two theories



@ Identify ’rhe supgr symmefry generai'ors in ’rhe ’rwo
descrlp’rlons ;o Sre S ﬁw

Qa,A=1,2<—>P+Q+ QaA 34<—>P Q QQALMHP | »@aA IR P Q+
5&421 s ]P+Q+ SA ¥ P+Q Sfl:l,Q o P_Q; Sﬁ:BA )
@In the string sector the two impurity HWS is

PtQ™ |hws) = PO Rus =N @i b s ) = ()



String Highest Weight State

1 T i’
fat, T | T

ottt 2U,bl TIbt — U2 (afhats +all a2, ) | o)
@ Valid for finite pa: full interacting string theory
@ Mixing between different type of impurities
@ Leading order for & — o0 coincide with the old
dictionary
@ Leading and subleading corrections: fermion
impurities and derivative impurities respectively

@ Straightforward to build the whole multiplet



Operator Mixing in N =4 SYM

(2p + 3)

ok
Free Theory: #2"%(0)=0 — 83 cos— - =Tr[0452"24777 7] =0
D=

Interacting theory: supersymmetry and superconformal
charges get quantum corrections

(2p +3 3
x s ks )Tr[ZZ-ZpZZ-ZJ_p}

: 2p +4 o oy T e 7 J—1—

+g(31;:';sln ﬂnf]iS ) (Trwl TP p] - TrWSdeW 7= pD
—  m(2p+5)

+97Cy ) cos g DuZZz"DF 227 + O(g°)

p=0



'V
S4PpcPpp(0) = —i ‘éu—rz (€aBcp®r)(0) — €appae (0))

o B

v SU(4) structure: ®H®

v Numerlcal CoeFﬁcuen’r Ward Idenhhes

91(01(x)S" (y)O(0)) = —id* (- y)<5501( )0( )>+154(?/)><01( ) 050(0))

The superconformal current relevant for this computation is
54 = 23, (67)*Tx [(0™)BF,0 @Eﬁ +2v/207,5" %8 D, & 4 5 +
—4190 5[®a o, ®OB1PP) + 8v/25H4Tr [® 4597



@ Second and last terms of the cu'ri"en’r

The contributions
from the two
terms cancel each
others
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ONE CAN USE THE SAME ALGORITHM TO

COMPUTE THE WHOLE MULTIPLET




Field Theory VS String Theory

We can compare the large pa = (\)~' limit of the
string HWS with the large J expansion of O :

1 W e GRS
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@ Fix the normalization: two-point functions get the canonical form
@ Rewriting Vi - 2N

;NN RE g o i
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Rk
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Agrees with ’rhe large—J limit of the SYM HWS



Comments

@ If J=0 Konishi operator: no mixing

@ No overlap between leading and subleading terms at
one loop. Test for the three-loop anomalous dimension
in the full theory.

® Subleading terms do not alter the known results for
the anomalous dimension

v one loop at finite J
v higher loops for large J

@ Subleading terms are crucial to verify existing selection
rules for OPE structure constants (correlators among
two half-BPS and one non-BPS operator)



U(l)y Bonus Symmetry I

@ Originates from the SL(2,R)symmetry of type IIB
supergravity in 10 dimensions

@ Not a symmetry of the N/ =4 SYM Lagrangian. Exact
symmetry of the equations of motion of the free theory
and of the supergravity limit

@ To assign a U(l)y charge:

A Qo :
v Qar Sz uy=tl ____»  Bosonic Generators
v Q%S Gt have charge zero

v HWS: charge zero. Descendent: sum of the
supersymmetry charges acting on HWS



U(l)y Bonus Symmetry II

U(l)y charge conservation
selection rule

T g

Three and four-point correlators
of half-BPS operators

Three-point correlators with

one non-BPS operator

Mixing ferms are crucial to realize
this constraint
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This correlator does not conserve the U(l)y
charge, then its coefficient must be zero



@ First non-trivial contributions come at order ¢

@ Conformal symmetry fixes the spacetime dependence to:
1

(@ — ;)

NS i with A, o

L1T2 i e B2 PR )

® Conftributions to the structure constant:

(1) contraction of the leading term of the non-BPS operator with
the two half-BPS ones through a Yukava coupling ¢Tr|¢y®)]

(2) tree-level contraction of the subleading term of the non-BPS
operator with fermionic impurities and the two half-BPS ones

(3) tree-level contraction of the subleading term of the non-BPS
operator with derivative impurities and the two half-BPS ones



Contribution (1)

@ Constraint: k1 =0, ko = J3 and k1 = J1, ks =0

@ Contr with the Yukawa: p =0 andp = J;.
Different sign compensated by the
antisymmetric phase factor

@ The Yukawa can be contracted with both
the half-BPS operators

e
AP = _iv2?___sin A% ATSUEE

2J3+1 J3_|_ T1T2 7 T1X3 51125103

<J1A332333 /d424x1za£m3)Aazgzau(w3)Aac3z _l_Jl St JQ)

BY CONFORMAL INVARIANCE!




Contribution (2)

@ Focusing on the term Ti[z,...Z,...]: planar
contractions for p = ki — ks + J»

@ Term Tx[7,...Z,...] double this result: planar
contractions for p = ko — k1 + J;, mapped
to the previous case by p — J3 —p + 1
(phase factor symmetric) ;

Summing over ’rh‘é_ p"HElses:




Contribution (3)

@ Planarity constraints k1 =0, ks = J5 and k1 = Jp, ks =0

@ Multiplicity given by the values of pdepends on the way
we contract the derivative impurities

@ First case: for any p € [0, J; — 2|, multiplicity J; —p —1

@ Second case: just exchange x; <> 25 and J; < J,

@ Third case: introduce [ counting the background fields
following the impurity which are contracted with x,. For
any ke [0,J; — 1], we have p € |k, Jo +k — 1

@ In any case exchanging the role of the impurities doubles
the result.

Summing over these diagrams we get

NJ3—|—3 | 9
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CANCELS PRECISELY THE TWO
PREVIOUS CONTRIBUTIONS




Summary and Comments

@ We introduced a novel approach to the computation of
the quantum correctios to the superconformal charges
in the full PSU(2,2|4)-invariant theory

@ The quantum corrected charges allow to solve the
mixing for the gauge invariant operators with two
impurities and dual string states in the BMN limit

@ Mixing with novel structures with both fermionic and
derivative impurities appearing at order g and g¢

® The new terms do not alter the known results for the
anomalous dimension of the operators we studied



® Mixing terms are crucial to fulfill selection rules for
the structure constants between two half-BPS and one
non-BPS operators

@ Computed the same structure constant in the PP-wave
strings theory: the correlator I presented is actually
non-zero in the dual theory

@ U(l)y selection rule is exact in the couplings: what is
the origin of the mismatch?

@ Study the higher order corrections to the
superconformal charges. What about the divergencies?

@ Yangian symmetry of three-point functions?



