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In the past several years there have been
enormous progress in unraveling the
structure of scattering amplitudes in gauge
theory and gravity.

Conceptually, it leads beautiful mathematic
structure of scattering amplitudes.

Practically, it makes some previous
impossible calculations trivial, in particular
precision calculations in QCD.
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Feynman diagram

Inefficiency of traditional Feynman diagram
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diagram.

Fast-growing of Feynman diagrams:

nf=1 3 10 38 149

Very complicated Feynman diagram
calculations lead to very simple results.
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1

The amplitudes with no/one negative
helicity gluon/graviton vanish!

The first non-trivial one is called MHV
amplitude with two negative helicity
gluons/gravitons.

NMHV, NNMHYV, and so on.
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Introduction to notation

Only color-ordered partial amplitudes
will be considered,

A(p1ap2: x 7pn Z TI' T, T _ pn)

permutation

Spinor helicity formalism:
by using the on-shell condition
Lorentz invariants are defined as

(i J) = eap PN i ] = eab/\a)\b
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Five-gluon tree-level amplitude of QCD

The result obtained from traditional
methods
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The following contains all the physical content as the

above formula:
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Example of Hidden structure

The partial amplitudes:

A5(1%,27,37,47 57) =0

(12)°

A2 305 = e By (45) (5 1)

Dress it up with colors and sum over
permutations to obtain the full answer

Aﬁ (1: 2* 3: 'l" 5) = Z Tl»(TﬂlTﬂzTGSTCMTC%) ‘45 (1_‘ 2_? 3+‘ 4+" 5+)

perms
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SUSY is helpful

The 1deas and techniques are best
understood with SUSY.

BCFW recursion relations for N=4 & N=8
were solved, which can be used as
solutions of QCD and gravity.

QCD amplitudes can be decomposed

into simpler ones
AQCD _ AN:4 . 4AN:1 chiral + ANzO or scalar
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BCFW recursion relations

Recursion relations:
Reduce higher-point amplitudes into lower-point
ones

Recursion is great, having solution is even better.
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SOIUIONS (0 B@&ENVV

First non-trivial case, MHV amplitude

All Non-MHV amplitudes

A= Aunv »  Ra(Ai, Ai 7).

N=8 SUGRA was also solved similarly
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BCFW at loop-level

BCFW recursion relation can be
generalized to loop-level to obtain the
loop integrand

/—'n- 1
n—1
=) Y
. B FW
- nr, ke, lr; J
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Black Hat

Amplitudes decomposed into coefficients
multiplying scalar integrals and rational
terms:

The coefficients can be determined by
unitarity cuts.

The rational part can be compute by
recursion relations.
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New Symmetries in N=4 SYM

Abstract Symmetries are often helpful in
practical calculations.

Dual (super)conformal symmetry exists at planar
limit, which is invisible in Lagrangian.

The symmetry acts on dual coordinates

Conformal symmetry and dual conformal

symmetry comprise two lowest levels of a
Yangian symmetry.
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The use of the Symmetries

Dual conformal symmetry has anomaly at
loop level.

Anomaly equation allows us to determine
4 and 5-point amplitudes to all loop
order.

All-loop amplitudes can be written as

BDS ansatz + Remainder function.
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Wilson
loop/Correlation/Amplitude

Expectation value of Light-like Wilson loop
in dual space is equivalent to scattering
amplitudes.

Correlation function of some operators with
Light-like limit is equivalent to scattering
amplitudes.

It helps computing the scattering
amplitudes: OPE of Wilson loop
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Dual formalism of S-matrix

Witten’s twistor string theory:

Scattering amplitudes are related to the curves in
(super)twistor space.

Arkani-Hamed et al’s Grassmannian formalism:

All-loop Planar amplitudes are associated with an
contour integral defined with Grassmannian.

Twistor string theory and Grassmannian
formulation are closely related to each other.
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Summary

BCFW recursion relations and CSW rules make
some previous impossible calculations trivial.

Numerical calculations on QCD.
New symmetries in N=4 SYM.
Wilson loop/Correlation/Amplitude duality.

Dual of S-matrix: Twistor string theory &
Grassmannian formulation.

Much more to uncover.



Thank youl!



