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MAIN GOALS :

· UNDERSTAND BETTER PROTECTED QUANTITIES

IN N= 4 SYM - In PARTICUAR

Y BPS OPERATORS

· PROTECTED SECTORS IN N= 4 SYM CONSTRAIN

THE NON PROTECTED ONES .



OPERATORS IN N= 4 SYM

· BPS A = p , R-symmetry [0, p, O]

<Op Op Op = f(N)

PROTECTED FROM

QUANTUM CORRECTIONS



OPERATORS IN N= 4 SYM

· BPS A = p , R-symmetry [0, p, O]

<Op Op Op = f(N)

e .g. p =2 &zv trb2

p=3 Ez ~ trp3

P= 4 Ope tra4

Ow trd2trp2



OPERATORS IN N= 4 SYM

· BPS A = p , R-symmetry [0, p, O]

<Op Op Op = f(N)

e .g. p =2 &zv trb2

3 SINGLE TRACE

3

p=3 J ~ tra

P= 4 Ope tra4

~ tratra -> DOUBLE TRACE



· ACTUALLY THE PROPER OPERATOR (EIGENSTATE

OF THE DILATATION GENERATOR) IS A LINEAR

COMBINATION, FOR INSTANCE

p= 4 ,
A= 4

-
of = lint
WHERE tp = Tr (y . p)P

LALDAY, ZHOU]
[ AB, FARDELLI ,MANENTI]



O IN THE AdS DUAL THEORY

Oz -> GRAVITON
SUPERMULTIPLET

03 -> KALUza KLEIN

MODES

:

a -> BOUND 2-PARTICI

STATE



· BPS A= 2q+ p[9 , p , 9]R

An example : Opa

Fo Trpps tr "Pe Pijne

A= 4 [2, 0 ,2]R



· LONG OPERATORS

THEIR DIMENSION AND OPE COEFFICIENTS

AQUIRE CORRECTIONS AS FUNCTIONS OF6 AND N.

x = gN



MOVING TO 4-POINT FUNCTIONS

·
THEY GENERICALLY DEPEND ON X

,
EVEN

WHEN DEALING WITHIBPS OPERATORS

·
HOWEVER IT EXISTS A FAMILY OF 4-POINT

CORRELATORS WHICH ARE PROTECTED
,



EXTREMAL ANDNEAR EXTREMAL CORRECTORS

<Op, Opz Opp Ope Op -> I BPS op

A= p
if Pq = Pe + P2+ P3- 2k

k= 0 EXTREMAL

k= 1 NEAR EXTREMAL

· THESE CORRECTORS ARE PROTECTED

Cdo not depend on x).
2D'HOKER , FREEDMAN, MATHUR,MATUSIS, RASTELLI]

ID'HOKER, ERDMENGER , FREEDMAN,PEREZ-VICTORIAS
....



WHY IS IT THE CASE Y

· THIS FACT HAS BEEN PROVEN IN

SEVERAL DIFFERENT WAYS
.

⑧ I WOULD LIKE TO DISCUSS ONE

APPROACH BASED ON R-SYMMETRY

CONSIDERATIONS AND LATER 1 WILL

INTRODUCE SUPERSPACE METHODS .



BRIEF RECAP :

·4 POINT FUNCTIONS OF LBPS OPERATORS

( FOR SIMPLICITY OPERATORS WITH SAME

DIMENSION)

<O(x1 , Y1) Op (x2 , (2) Op (x3 ,Yz) Op (x4 , Yak = G(u ,5,0,2)

= de O (4) Y(



BRIEF RECAP : [DOAN , OSBORN]

·4 POINT FUNCTIONS OF LBPS OPERATORS

( FOR SIMPLICITY OPERATORS WITH SAME

DIMENSION)

<O(x1 , Y1) Op (x2 , (2) Op (x3 ,Yz) Op (x4 , Yak = G(u ,5,0,2)

= de Pae(4,) YR(R-SYMMETRY
zm

R

[0 ,p,03 x [0, p ,] CONFORMAL
->
PRIMARIES

BLOCKS



· USE SUPERCONFORMAL WARD IDENTITIES :

G(u ,5,0,2) = x + G(u ,r, Gt) + R(y,v, 0,+) H(u , v, 0,7)
↓ ↓

SHORT MULTIPLETS LONG MULTIPLETS

SUPERCONFORMAL

PRIMARIES

M(u , r,02)=T u(otG-
R SUPERCONFORMAL

BLOCKS



· FOR THE SPECIFIC CASE OF BPS
,

SUPERCONFORMAL PRIMARIES IN LONG

REPRESENTATIONS APPEARING IN THE OPE OF

EBPS OPERATORS TRANSFORM UNDER

[0 , P, O] + [0 , p , 0] -> [[n-m,
2m

,
n-m

LONG
OCMINEP-2

· CAVEAT : RECOMBINATION OF MULTIPETS AT

THRESHOLD .



· LET US Go BACK To OUR CASE Of

EXTREMAL AND NEAR EXTREMAL CORRECTORS

< Op(X,, 8.) Op (x2, Yc) Op (x3, Y3) Ozp (Xa. Ya) >

<Op(X,,y ,) Op (x2, ya) Op(X3 ,43) Osp-z(Xa , yu5



· IDENTIFY THE R-SYMMETRY REPS OF THE
-

INTERMEDIATE OPERATORS

[0, p, O] x [0, p, 03 n [0
, p,o] x To, 3 p, o]

I [0 , 2p, 0]

[0, p ,o] x [0, p ,oJ n [0, p ,o] x [0, 3p-2,0]

= [0, 2 p,0] # To , 2p -z, 03 ⑦ [1 , 2p - 2, 1]



· IDENTIFY THE R-SYMMETRY REPS OF THE
-

INTERMEDIATE OPERATORS

[0, p, O] x [0, p, 0] & [0
, p,o] x [0, 3 p, o]

I [0 , 2p, 0]

[0, p ,o] x [0, p ,oJ n [0, p ,o] x [0, 3p-2,0]

= [0, 2 p,0] # To , 2p -z, 03 ⑦ [1 , 2p - 2, 1]

IN NONE OF THESE R-SYMMETRY REPS

LONG OPERATORS CAN TRANSFORM
=



· AS A DIRECT CONSEQUENCE
,
DUE

TO THE FACT THAT 3 POINT FUNCTIONS

Of < BPS EBPS Short) are PROTECTED
,

EXTREMAL AND NEAR EXTREMAL CORRECTORS

Of BPS OPERATORS ARE PROTECTED (DO

NOT DEPEND ON X
,
ONLY ON N) .



MOVE ON TO THE CASE OF CEBPS['BPS LBPS #BPSY
· CONSIDER THE CASE IN WHICH

BPS - [ 9:, 0, 9:]

· EXTREMALITY -> P
,
+P +29, =292 CASSUMING

P27/ 9 , )

· 10, P ,0 + 10,420)-[nm,
2m+,

↑

LONG OPERATORS 25 = P2-Pe



· BY INSPECTING THE [9
,
0
,9]x[g+ , 0, g+Y

IT IS POSSIBLE TO SEE THAT THERE IS

NO OVERAD WITH THE [0, 41 , 03 x [O, PriO].

< IBPS LBPS BP ↓ BPS
4

IS ALSO NON RENORMAUSED !



< BPS [BPS IBPS IBPS

· TO STUDY THIS PROBLEM WE NEED TO

RESORT TO ANALYTIC SUPERSPACE.

· In ANALYTIC SUPERSPACE SHORT AND SEMISHORT

MULTIPLET Are AUTOMATICALLY IRREDUCIBLE

· SUPERCONFORMAL WARD IDENTITIES ARE SOLVED

BY SIMPLE ALGEBRAK CONSTRAINTS



ANALYTIC SUPERSPACE [HESLOP, APRICE HESLOP, HOWE HARTWER
... ]

aa
·

MINKOWSKI t R SYMMETRY Y

& 22 da'
X
KK
- X 9I jac yaa S



ANALYTIC SUPERSPACE

aa
·

MINKOWSKI t R SYMMETRY Y
LORENT2
M

&
& I

X
KK
- I X

2

9
La

S- aq aa

I Y un
SV(z) < SU(4)2

↑
FERMIONIC COORDINATES
GENERATING THE
MULTIPLT



ANALYTIC SUPERSPACE

·
MINKOWSKI + R SYMMETRY yaal

& 22
Xa I X S= jai

· SUPERPRIMARIES O
,
XM



ANALYTIC SUPERSPACE

aa
·

MINKOWSKI + R SYMMETRY Y

& 22
Xa - XI jai S

· SUPERPRIMARIES O
,
XM

↓
SL(2(2) X S1(212) x &

*

Xi XR U



ANALYTIC SUPERSPACE

aa
·

MINKOWSKI + R SYMMETRY Y

& 22 da'
X
KK
- X 9I jai yaa S

FOR SYMM KEPS
· SUPERPRIMARIES O

,
xi
-
x=xr= x = [14

,142X,,62]
Xi

x 5=5
STANDARD NOTATION [R

,, R2, Ra]
R
,
=R3I Mr

A = U+ zXi
(s
,
5)

al



· FOR PROTECTED OPERATORS :

↓ BOS X =· (Operators are
SCARS IN ANALYTIC

SUPERSPACE)

IBPS X = [14]=
pe↓

SEMISHort X = [12
,x]]t



STRATEGY

· SET UP 3 pt FUNCTIONS In ANALYTIC SUPERSPACE

· USE THE OPE TO WRITE THE 4pt + 3pt

· SOLVING SUPERCONFORMAL WARD IDENTITIES

· HARMONIC ANALYTICITY

· PROCEED AS IN THE FIRST PART OF TALK

BY UNDERSTANDING WHICH MULTIPLETS

APPEAR IN THE OPE.



3 pt FUNCTIONS THESIOP HOWE
,
HESCOP PUERTA-RAMISA]

Gr ICOU ori 4
[ (k+ Uz- Vs) +(tz+3

-4) (U3+Y- Uz)
= C123 Siz 923 8

[M



3 pt FUNCTIONS

Jo ORL Or a & I

↑
,
Xr

[ (k+ Uz- Vs) +(tz+3
-4) (U3+Y- Uz)
& is !

su conformansion
dij + air+ ai = /xi)

[MisB Yan]
low or

aji + aki + ai
= (xi)

INVERSIONS

Sij = Soet(Xj)=etbis + Olis
[ ... ] YouNa SYMMETRISATION



· For NON BPS Operators There Are several

STRUCTURES ,
SIMILARLY TO SPINNING OPS.



HARMONIC ANALYTICITY CHESLOP , HESLOP-PUERTARAMISA]

· SHORTENING CONDITIONS USING WARD IDENTITIES

↑

ANALYTICITY IN Yij

· POWERS OF SUPERDERMINANT NEED TO BE POSITIVE

Vi + 5j - Un =0

- 1
· Iij AND Y: ARE BUILT WITH Yij THE DEPENDENCE

NEEDS TO BE CANCELED BY THE gij.

e .g. g -> U19 , +92



· CAVEAT RELATED TO THE PROJECTION OF INDICES ACCORDING

to xixiR NAIVE POLES CAN BE SOFTENED BY SPECIFIC YOUNG

PROJECTION [HESCOP-PUERTA-RAMISAS

Go BACK TO THE EXTREMAL 4pt OF IBPS

1859
,0, 9 ,7

0
192 ,0, 927 029 ,0, 93] Ota ,09

9 = 92+ 93 + 94

↓ Otan
,
0
. 9 .] 092 ,0, 91] 093

+296) > @ 09
,
0
,93] Ea0,an



1) Positivity of gij V = 293+ 294

2) POLE-FREE STRUCTURE
1x1 = 93+ 94

HARMONIC
*
ANALYTICITY

3) YOUNG PROJECTION ONLY POSSIBILITY IS TO HAVE

ANTISYMMETRISED INDICES

↓

g293+ 29 = 0793+ 94 , 0, 93 + 92]A

ONLY PROTECTED OPERATORS !!



· EXTEND THIS PROCEDURE TO BPS OPERATORS

TRANSFORMING Under [9i
,
Pi , 9:]

i= 1, ..., 4.

· ALSO FOR NEAR EXTREMAL (MORE INVOLVED

HARMONIC ANALYTICITY BUT SAME IN SPIRIT



MAIN POINT OF THE TALK

< BPS LBDS BPS BPSEXTREMAL
&

NEAREXTREMAL

[ LBPS LBDS BPS BPS
EXTREM

4 4 &
NEAREXTREMAL

CONTAINS &LY PROTECTED MULTIPLETS

↓

ALL Ppt PROTECTED If

< [BPS &BPS Short/Semishort) IS PROTECTED



3pt FUNCTIONS :

· IN ORDER TO CONCLUDE THAT 4t FUNCTIONS

ARE NOT RENORMALISED WE HAVE TO TAKE

SURE THAT

< IBPS IBPS short
Semi-short

IS PROTECTED
.

· NOTE : THE SHORT/ SEMI SHORT OPERATORS

THAT WE CONSIDER ARE SUPERCONFORMAL

PRIMARIES BY CONSTRUCTION



· IN THESLOP,HOWE] IT HAS BEEN SHOWN USING

SUPERSPACE APPROACH THAT SUCH 3PT FUNCTIONS

ARE PROTECTED.



SEVERAL DIRECTIONS

· UNDERSTAND THEStructure Of SuperConfort

Blocks

· MAKE CONTACT WI SUPERGRAVITY

& REAX THE ASSUMPTION OF EXTREMALITY TO

UNDERSTAND THE STRUCTURE OF THEIBPS
OPE

↑

&

L


