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INTRODUCTION

INTEGRABLE THEORIES IN 141 DIMENSIONS ARE CHARACTERISED BY

THE PRESENCE OF HIGHER SPIN CONSERVED CHARGES

~

SCATTERING DIAGONAL AND FACTORISED

[Zamoloschinor & Zamoochinor178]
5 - MATRIX BOOTSTRAP : USE AxioMS TO CONSTRUCT 212 S-MATriCEs
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PERTURBATION THEORY : INTEGRABILITY MANIFEST ITSELF THROUGH

SURPRISING CANCELLATIONS BETWEEN FEYNMAN
DIAGRAMS CONTRIBUTING TO NON-ELASTIC

PROCESSES (INCOMING STATEYOUTGOING Start
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WHAT...

SUPPOSE TO HAVE A THEORY WHICHiS INTEGRABLE AT The

TREE LEVEL
.

1. Is THE THEORY INTEGRABLE AT ONE Loop ?

2. GIVEN THE TREE-LEVEL S-MATRIX Of AN INTEGRABLE

THEORY CAN WE WRITE DOWN ITS ALL-LOOP

S-MATRI#



PLAN

1. REVIEW TREE-LEVEL INTEGRABILITY FOR SIMPLE MODELS

2. DERIVATION Of 1-LOOP S-MATRICES As FUNCTIONS Of TREE-LEVEL

S MATRICES FOR THESE SIMPLE MODELS
.

3. OPEN PROBLEMS AND DIRECTIONS .



WHAT CLASS Of THEORIEs ?

2 - amPar--Pa
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PURELY ELASTICITY CONDITION : All TREE-LEVEL INELASTIC

AMPLITUDES ARE ZERO
.
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How TOConstruct THESE THEORIES ?
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WE CONSIDER THE PROCESS : 2 +2 -> 3 + 4 + 5+6
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We Can THEN INTRODUCE A PROPERLY TUNED 6-POINT Coupling

V SUCH THAT
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IMPOSING SIMILARY THE CANCELLATION OF 246
,
2 +8

10 - -

PROCESSES WE OBTAIN THE EXPANSION OF THE FOLLOWING

LaGrangian [P . Domey gg],

Long= 2404- u [ch) - 1]
ALL THIS CONSTRUCTION RELIES ON THE FACT THAT H

isA CONSTANT (SEEDS Of INTEGRABILITY).
[Gabal , Mazac ,

Smieber
,
Vieira

,
Zhou 18] [P. DOREY , DP 121]

[Berlini , Trancanelli 118]



ELASTIC PROCESSES FACTORiSE

1 + 2 + 3 + 4 +5 + 6

IN THE KINEMATICAL Region [Qgay , Au =@g, Ag = As)
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Parameterising
p:= m(choi , shoi]

AND DEFINING O
ij
= 0: - 0

WE HAVE

& ,0=[ 03 +So S

- Si) ]d(0)(5)
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1-Loop

S-MATRICES



ONE-Loop S-MATRICES FROM THE TREE-LEVEL

+mo

T((k) = (N) + &(no - W. (m))
Wa(kz)
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--- ----POLES : Ko = E Ki+m Fis POLES : Ko = I Ki+ma + in
LOOP DIAGRAMS CONTAINING ONLY PROPAGATORS OF RETARDED

TYPE ARE ZERO .

WE CAN CLOSEA
.

WHICH DOES

NOT CONTAIN POLES
.



EXAMPLE : BUBBLE DIAGRAM
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CONSIDER A 1-1 ONE-LOOP AMPLITUDE,
#
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2. TO-2 PROCESSES : a(p) + b(p)-> c(q) + d(q)

· In 1. TO-1 PROCESSES Only DIAGRAMS WITH A SINGLE DIRAC

DELTA FUNCTION SURVIVE (SINGLE-CUT CONTRIBUTIONS) .

· In 2-TO-2 PROCESSES WE ALSO HAVE DIAGRAMS CONTAINING

PAIRS Of DIRAC DELTA FUNCTIONS (DOUBLE CUT CONTRIBUTIONS
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DOUBLE CUT CONTRIBUTIONS

(2-cuT)

· If [0 , 3 (a , b3 Then S - O
ab-cd

· If [c , d3 = (a , by Then

S(Op-Op)=ab(Op-Op))
:



SINGLE-CUT CONTRIBUTIONS IN TWO-TO-TWO AMPLITUDES

(1 -cut)

M (pipip,)=On M (p, p / K ; 9 , 9 n )
abe-cole

Iab-co

·
If 20 , b3 EC ,o THEN

Mscoe
= O

· If [0 , by = [c , 03 Then Mirabe factorises

INTO TREE-LEVEL AMPLITUDES
.

Mezabe No . Mabe



WE OBTAIN THE FOLLOWING FINAL RESULT FOR THE ONE-LOOP

S-MATrix
a(p) + b(p))+ a(p) +b(p))

S(Oppi) = + (C + OppiC) )

+ +So



INTEGRATED S-MATRICES
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WE INTRODUCE An AUXILIARY PARAMETER B AND Define

#00 iE

I Idoe
ipOu S (p) Soup)

THEN IT HOLDS THAT

& do epo (a)Sp = Ip-e
*

Ip



=> Ip= d epo (Sp
-TB

Taylor EXPANDING NUMERATOR AND DENOMINATOR In B WE OBTAIN

Io = lim [p=don OnS Soup)
B-0



Io don OnS Soup) X : Pos o Seb

X : poles of Sea

WLANE)
↑

X

> X↑ X
X ↓->:
Op

THE INTEGRAL CAN NOW BE COMPUTED By

CAUCHY THEOREM .



RESULTS

1. WE CHECKED OUR FORMULA ON THE FULL
CLASS Of SIMPLY-LACED

AFFINE TODA THEORIES FINDING EXACT AGREEMENT WITH

RESULTS BOOTSTRAPPED IN THE PAST
.

[H .

Braden
,

E
.

Corrigan
,

P
. Dorey , R .

Sasaki g9]

2. OUR FORMULA PRODUCES THE CORRECT POLE STRUCTURE

BOTH FOR BOUND STATES (SIMPLE POLES) AND LANDAU

SINGULARITIES .

THESE POLES ARE NOT CAPTURED BY UNITARITY
METHODS

.

[L .

Bianchi
,
V
.

Forini, B . Hoare 13] [L . Bianchi, B .
Hoare "14]



OPEN PROBLEMS

1. DERIVATIVE INTERACTIONS (GENERALIZED SINE-GORDON THEORIES
Y

TF-DEFORMATIONS
, ...)

2. FERMIONS (THRRING MODEL)

3. NON-RELATIVISTIC THEORIES & MASSLESS PARTICLES (SIGMA MODELS

ON STRINGS)

4. CAN WE GO BEYOND 1-Loop And Construct Iteratively The

FULL ALL-LOOP S-MATRIX



THANK you


