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3-gluon amplitude as
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Vi (p1,p2, p3) = ™% [(p2 — P3) iy Muaps + (cyclic) ]

fﬂl aras __ tr(T‘ll T%27T43 ) — tr(T“z T4 T43 ) (color decomposition trivial)

As = [e1- (p2 — pa)](e2 - €3) + (cyclic)



3-gluon amplitude

p1+p2+p3=0

Az = le1- (p2 — p3)](€2 - €3) + (cyclic)

_ (12)[12](82)[32] + (23)[23](13)[13] + (13)[13]{12) (23]

[11][22](33)



3-gluon amplitude

p1+p2+p3=20

MAL 4+ AAr +A3A3 =0 = (A1 x Ay &x A3) or (/_\1 x Ay )_\3)

M =(23)¢, A= (B1), Az =(12)C.
(ab)(cd) + (bc){ad) + {(ca){bd) =0

(12)°

A= 3y 31)




3-gluon amplitude

A, (12)° pr+pa+ps =0
> (23)(31)

& Asis the unique Lorentz invariant satisfying
the following scaling properties:

An(bidi 6715 1) = (]—[t ) n(Ai, Ais hy)
Ay (SA;, SA;; h) = 5 —2(n—4) An (A, Ai; hi)
& Same logic applied to gravity implies

Aj(gravity) = [Ag(gauge)]2



Maximally Helicity Violating (MHV) amplitudes

An("‘/"‘/"‘/’" /—I_) :O/

An(_l—l_/_l_/"' /_I_) :O/

T (jk)*
An(+ ’]" ,k, +) (12)(23) - - - (n1)

[Parke-Taylor ’86]

Watch out for the helicity flip in applying crossing symmetry.



BCFW recursion formula [Britto-Cachazo-Feng-Witten "05]

& Build up higher point amplitude from lower ones
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& Deformation parameter z is determined by

Pr(z;)* =0



BCFWV recursion formula - derivation

& On-shell deformation of momenta

/_\] — )_\]'—Z/_\l, /\l — )\l —|—Z/\]
(P? =0, p? =0, p1+ -+ pu = 0 unaffected)
& Contour integral representation

dz A, (z)
27T Z

& Deformation of contour and residue theorem gives BCFW

1 1 -
P(z)2  Pj(0)2—2zP,(0)-q " 17 M

... provided that A falls off at z = infinity.



Large z behavior

& Naive power counting

¢* theory: A(z) — 2’

—z, A_TH(z) =22, Al (z) = 2.

naive

Gauge theory: A_

nalve ( )



Large z behavior

& Correct counting
A (), A (z), AT (2) = 1/z, AT (z) = 2°.

Gauge symmetry plays a crucial role.

& Simple example: scalar QED [ArkaniHamed-Kaplan "08]

p(z) =p+Lzq

L = (D'¢)*Dyp, Dudp =0,p —iA,¢

O(z) vertex disappear if we choose the gauge g"A;, = 0.



Example: 4-gluon via BCFW

SlERe o
). 3. ). 3+

/_\1 —>/_\1—Z)_\4, Ay = Ay + 20

AT (12)° « 1 v [34]°
4BCEW ™ 15)(25) ~ (12)[12] ~ [36][46]

(0= 08 1= E0. pon-o)

pE— (12)4
4BCEW ™ (12)(23)(34) (41)

in agreement with Parke-Talyor



& No need for 4-point vertex!

= 9™ [(q—7)ugvp + (r—D)vgpu + (P—q) pGu]
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Simplest non-trivial non-MHYV amplitude
& 6-point next-to-MHV (nMHV) amplitude

(0} = (46)[13]"
[121[23](45)(56) (s + P + Po)* (615 + 4131 (4]5 + 6]1]

{6} = g*{4}, {2} = ¢*{4}

Adpdew ™ = {2} + {4} + {6}



