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Scattering Amplitudes

Surprising simplicity!

Gluon amplitude from Feynman diagrams

-8- FERMILAB-Pub-85/118-T

The diagrams D(z; are listed below:

o) = e | el rd] [norltpe ol
- [tpa-ps)ps+ )] [ (- P py- pe)]
+ [(p,*?;)(?,'l’s)]'[(Ps‘P«)(Pz‘Ps)] } '
DS (2) = ?;1—5; { 2E (ps-ps, PsPe) = 2E(py-ps, pa-ps)
v 5 lpeplnerd] J
D(3) - ;—S"—t | [tpepapalpuepamrel] - E Cpars)

~[(pyrps-PsMpa-ps+p )} E (s, pe)
- [P~ PutPs Ny ps-pe)] - E (s, ps)
+ [(P.‘Pz*PsNPq'Ps*Ps)] -E (ps, pe)
- b pa-ps) | - E (Pape, Pa*pe)
- [P.,(h-[?s)] - E (pa*ps » Pa-ps)

cselntmenl {ninen] ]

... + 8 more pages

Parke, Taylor ‘86


https://www.sciencedirect.com/science/article/abs/pii/0550321386902300?via=ihub

Gluon amplitude from Feynman diagrams

-8- FERMILAB-Pub-85/118-T

The diagrams D(z; are listed below:

3
o) = o | [nerltperdl [ineralpepo)]

= [(papsMpsrpe)]- [ (- P 3=

+ [(paoes)ps-pe)l (e pa-ps)] },

1
D:(Z) = -g:s"s'; { ZE(Pz‘Ps: Pa’Pg) - ZE(PS'PS:Pz'Ps)
v 8, [Cpaps)ps-pe)] }
4
Dg(3) - Sas5 S3¢ Lus { [(PA*PZ’PS“P‘:*Ps‘Ps)]' E (pa.ps)

~[(pyrps-PsMpa-ps+p )} E (s, pe)
- [P~ PutPs Ny ps-pe)] - E (s, ps)
+ [(P.‘Pz*PsNPq'Ps*Ps)] -E (ps, pe)
- b pa-ps) | - E (Pape, Pa*pe)
- [P.,(h-[?s)] - E (pa*ps » Pa-ps)

cselntmenl {ninen] ]

Parke, Taylor ‘86

... + 8 more pages

Scattering Amplitudes

Surprising simplicity!

Parke-Taylor amplitude
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Scattering Amplitudes

Universal relations!

Soft photon theorem . . T .
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Scattering Amplitudes

Hidden structure!

Gauge theory
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Figure 3: The three Feynman diagrams corresponding to the s, t and u channels.
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Scattering Amplitudes

Hidden structure!

Gauge theory Color-kinematics duality
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Figure 3: The three Feynman diagrams corresponding to the s, t and u channels.
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Scattering Amplitudes

Hidden structure!

Gauge theory Color-kinematics duality Gravity
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Scattering Amplitudes

Surprising simplicity!
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Surprising simplicity!
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Scattering Amplitudes

Surprising simplicity!
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Scattering Amplitudes

Surprising simplicity!
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Scattering Amplitudes

Surprising simplicity!
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Feynman diagrams Geometric amplitude
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Scattering Amplitudes

Surprising simplicity!

‘:%@M%Z‘) A3k (0,0 O P7) + s k1@ ¢ (D' 0 ¢ )
1

— 596i(6)(0,6'9" )
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Universal relations!

Geometric soft theorem
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Scattering Amplitudes

Ay = Rk 1534
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Scattering Amplitudes

Universal relations!

Geometric soft theorem
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Scattering Amplitudes

Hidden structure!

Nonlinear sigma model
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FIG. 1. Trivalent graph for four particles.
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Scattering Amplitudes

Hidden structure!

Nonlinear sigma model
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Scattering Amplitudes

Hidden structure!

Nonlinear sigma model

Galileon Theory
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Hidden structure!

Nonlinear sigma model
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Scattering Amplitudes

Geometry with fermions
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Geometry with fermions
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Standard Model Effective Field Theory

Encode heavy new physics in effective operators

C
LovuerT = Lsm + Z FOi + ...

X3

Qa

, fﬁﬂ@‘ngV G‘?"Gcf“
v

6
Qw | Quys| CWIYW,PWsH

H*D?

H6

QH‘6QH6

(HH)?

X2H?

QHD
QHD

6
Qpn

6
QH4D2

(HTH)O(H'H)
(D*H'H) (H'D,H)

Quac
Quw

QHB

QuwnB

6
QG2H2
6
Q2 2

6
QBZHZ

6
QWBH2

o A pv
(H'H) GG+
(HTH) W2, W
(H'H) B,,, B*"
(H'r*H) W2, BH

Table 3: Bosonic even-parity dimension-six operators in the SMEFT. The first column is

the notation of Ref. [26], and the second column is the notation used in this paper.



Standard Model Effective Field Theory

Renormalization Group Equations

C
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1-loop UV divergence
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Curvature shows up
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Standard Model Effective Field Theory

Renormalization Group Equations
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Scattering Amplitudes

Surprising simplicity! Ay = Rigji534 + Rijri524

lim »An—l—l — van

. L
Universal relations! q—0

Hidden structure! Double copy: Galileon theory = (NLSM)"2

Practical calculations RGE for Standard Model Effective Field Theory






