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Plan of the toek
Introduce integerability , focus mostly on N=G

Present conjecture for Hexagons for short operators

Discuss weak and holographic tests

small spin limit



What is Integra bieity ?
As

many charges is degrees of freedom
- Kepler ion motion ! In 3d H

, d-2,5£ (E)

- QFT you need an infinite set of centered charges
Most prominent example 201 theories : No Portree production , factorization!

• =§ Illi -Us )
↳ rapidity of theYang - Baxter particles .



A- 4
We will focus mainly on N=h 54M in 01=4 in the large M→• limit

(results exist also for other holographic theories , deformations ) mostly work in

Full gym .

is P5U(2,2/4)→Sl(2)
←this closed sob- section

(7) D)

N=4 is a SCFT , in principle only {Ji , lie } of primary
operators are needed ! Or j"

"

Oi 0µs Ofg)=£c,>.< yes,x-D D
i

h is conjectured to be integrable in the N< →a limit

201 picture

Trl . . . . . . ] ← yµpp µ¥y→
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↳ Operators

of Nis
Dilatation ←> Energy



Spectrum of N=4
For single trace operators obtaining anomalous dim .

solved by

QSC ! We are able to
obtain results in various regimes

weak
→

finite

strong



Structure constants

Less is known for structure constants . Money for Konishi operator!

Perturbative computations up to 5-loops

New numerical
'

results of finite coupling y

Strong coupling results from
Virasoro - Shapiro Amplitude



Treeleiel
In principle need to compute old Wick contractions

?⃝ Grows very fast for large enough operators . . .

"

°.

We can do better using integrabilitg !

Kui } )=E HC4A-1HZ ☒ lik
- cutting ✗vi.Evi}

flipping < EY31 For 1 non BPS and 213ps :

sewing < {U3l{Us }) C
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¥
Hexagons



G
]k
From Integrabitty ?

Integrabitty based approach using Hexagons .

Fundamental building block
is the Hexagon form factor

✓
'

'
*
"
'

, ←
Con otro

1-
.

/ be used for
higherpoint
functions !

We will be mostly interested in Cisk where

we have two protected and one non- protected operator

{Trot ,
"

]TrtÉ]ICDsZ
'

] >



L

Asymptotic Hexagons he. R 44k¥In

{BPS {BPS lR=L-1 lB=Li+{2Let us first focus on large Op ! he B
"

↳

Structure constant con be obtained by gluing back the seams .

This entails to inserting an infinite set of
mirror states .

H1K Painful / 4)
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Schematically (For Konishi ) when gluing back we have :
I 1 to> 11

I' "
•

to) •

+ + +
to > • -

↳ ☒¥2286If It , R1B>>I

only contribution !
↳ • •

=µ .

Distribute
the physical ☒

☐ 20g
"

excitations between

the two hexagons

Hexagon describes the creation of excitations over
the differeh edges .

When gluing back
.

.

<

→T{ ←←÷
.
× : :

= E•¥¥✓×¥¥i=•• if i i
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'Teu") = strsa.lu,E)
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↳ Sukh) transfer
matrices



Wrapping Effects Badly How can we fix this ? Deform
the contour and extract contact

"""""

I ;• ,
pole u=v ✓

term ( hard to do generally)
• • ÷U

• •✓ ⇒
Bulk integral with

-10
•

• •

•
+Io shifted contour

0ft 1- t.e.it ÷
contact

term
.

Many more terms at higher loops . . .

Or even more complicated⑥ 0 • • DO

•

•

•
•
•

•

•

•
double wrapping effects . •

• •

•

• . so ⑨

T
-
dem ; Compute as many as we on and try to extract some

pattern .

.



It seems that this localized terms modify the
bare integrand

*⇒ Way,+5¥↳R
Epping

•• •• ••
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= 1- +

. . .
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By looking at the correction for the Bottom bridge
New effect

• so • a
• • ] = - Io

•

• •

•+I°+ •-_•
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⇒ .

uncovered @ 5-loops

• • •

↳Épitre ?
Second wave is suppressed !¥°
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Conjecture for Short Operators
New building block is the
non - perturbative T-matrices from
the QSC .

f.
±

as
= Tie,slu± ;-)

They are solutions of the hint- eg

Tai Tais - TausTaus +I.*Turn



Test @ Week coupling
First non - trivial test is 5- loop . Still cumbersome to compute

the integrals for the
↳R bridge .

We on focus on
- the Bottom one

<
⑨00 •
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The integrand then takes the genere form

Mala ) e-
""""☒B={ ci.auuy.fi?yu,y-EYu ,

We heh compute
• ÷,
⑧

'£+2

←
the integral by • 1%+1
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We can now computer for different values of IB
g
' Matches with PT

I
&B=L →806%+864%-7203, -99363,35+802237 -594323g

L

&g3jII -1728331-268803-36360%-9360}},-64512%1-+24738 }zt
649123

,
-47124051,

2
'

,&B 2005-863,5, -2008855,3} -518453>-40312} £+3312035794805,
I -8215273} -380736 G-↳ +1590123g -32968044+215850-333,1-34182725,}



Classical strings

Expansion for ↳ 5,D= ONE)µ
fog (

•

°°z '

- Area chess "°e
nt like stringsstring

Several non-trivial checks already known .

Let us focus on R .

4
↳yRstninj-fduff-ECLiztge.TT ) - Liz Bei")]

Ut
§= e- (4+4) EG72
4CX)= 91×+1×1

Using QSC we con obtain the same result from our

conjecture . Important to have Such/G) T- matrices
otherwise missing the second Liz . . .



Recep
We have seen the hexagon conjecture and how it works

for "

large
"

Operators

Wrapping con be accounted for use by use ,
this is complicated .

Solution (Based on known results ) use QSC T- matrices
as they encapsulate already the full tower of
wrapping effects .

Tested against known perturbative
data and holography .



Other Regimes ?
Having expressed everything in terms of QSC building blocks
allows us to study other regimes , if solution of Qsc

exist.

let us look at the small spin limit .

Tr ( DSZ'] 1 Near to BP5
,
but not clear field

•

theory understanding .

•

Focusing on the ¥13 contribution
a Qi Qi

-

=P:P"+
. . . .

ta.i-EQIoit.si/ ↳Bars
E-¥
,
Pbcu"> PT4Y-1OH At leading order in s ,need to

keep only Quadratic terms.



NX1B at small spin
We need to focus on a single mirror particle

insertion

[ " foll the rest is so bleeding in
S

.

4- F- Length of " Prot.
oo

E. femme
"""t%,→sf.IE#.fodx-dyt-cxmi2nC2H)

'

(✗g)¥4 (×y-1)
Where : 4- ✗+" y=×

" and

ix-2.tl/--xChng)JI-Cang)
Iris Bessel function

Very simple to integrate



Week Coupling check
,

I

•

For 2--2 i can interpolate between otfferent values of 5

The coefficent can be written in terms of Harmonic sums
✗

5am= 2
A- 1)
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±a 1=1I
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S±Éb, £
,
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For S-so Matches !



Summary
small spin expansion con be easily
implemented in our formulation .

Lots of

perturbative checks
. Simple enough we con

write all - loop result

strong coupling accessible via nunneries ,
we could extract results upto g-

3

Combining small spin expansion + Clossicoe

strings we are able to extract C,]k

up to g-
2

!



Conclusions and Outlook

Presented conjecture for computing
<
I]k Using

hexagons for short operators
Our formalism easily extends to other

regimes (small spin) . We were
able to extract

Cigk at strong coupling combining it with Clossiue

strings

Can we tackle other regimes ? (Lorge spin )

Con we simplify our formulation further !
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