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Indignity invites us to construct

combine our favorite theories using

building blocks

SYM color vector suse

N LSM color XO IT

SDBIVA IT O vector Susy

S G vector susy vector suss
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tree level treelevel
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Indeed much of this talk L c 2 loops

but borrowing insight approaches from

Multi Loop Level

Bootstrap L.es
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Will refine language
around double
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EFT

ghnIderivative operators or counterterms

let you parameterize your
Ignorance of new physics

with available fields
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Howigginidiasis
off shell

unweildy

factorial of diagrams

But Graph Organized

unitigmtodsefficient for
TerFation cut construction

Virtual integration
wants local reps
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Gange

Loop Integrand Map
T.ae II

topology

to
color mights T t É T CHI

propagate weights I

numerator weight ha ke Ee l ly
























































































Weights shouldobey

symmetries of topology
tiff

ftno ash ashy

b sky or b Jk
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Fix on Symmetries Cuts

Duality between color kinematics

can help
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Demand this holds for n as well

FIE

It

All of3 loop 4pt sym in one topology 551kg
























































































Note feedback
constraints

I
a

Mab d
Indaba

II

Jacobi relations are fine at Loop Level

50 Ansatze we fl but can getexpensive
























































































This can take you

for multiplicity

loop level

Even away fromadjoint
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Bootstrap massive scales in
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Clk GI trivialized extraction of
Einstein

Judicious choices universal kinematics
























































































Aston Scifi

to appear

Massive fermions arb reps No problem

Color dual D din bootstrap gives
all D dim cut constable info
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HighnDerira Opators

Qi in L ki in A

Game is to figure out all distinct ways

of sprinkling in some order in MD E

into your scatty aptitude
wloutnessingwlymnnd

Easy scalarpermutatuininvariants
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Adjoint conditions
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PermutationInutlondition's
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Note no liner perm in ut for massless

s t t t m 0

But can Mor adjoint 9 to get

pom int

Madi Radi Nst N tht that
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Note also trivially
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composition Double copy

1 1 9
full amplitude Dok
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adjoint
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adjoint composition
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SimplecovintizedScalf spans all scalar

adjoint type BB
under composition

Climbs a ladder MD by MD

Closes after and rung underpeter
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Note IF I dabedstAT1234
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Its ordered amplitudes
don't satisfy

n 3 BCS aptitudes relates
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Rather it is a double copy
























































































This allows us to recover

Open Lord Superstring m

Free Level As Is
Field Theory Double Copies

from scalar perm invariants 62,63

scalar adjoint numerators nss IT

single trace color weights fab da
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SYM numerator nessun
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EEiijj.Y.is

igume
OFF L j Csi before finds the right way

to express this in tens of Oss

directly in closed l form at 4pA

Check out paper for Examples Proof
























































































Why no Css nm or

C't ca n Ym

Resulting numerators satisfy adjoint

constraints but NOI Gage
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What about eg other tensor strikes
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Is this just a feature of 4pt
No Spt even richer

a fascinating surprise
No adjoint linear building block
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Lesson from five points

Odd multiplicity EFT

linear building block Relaxed

Even multiplicity Adjoint
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Vector adjoint color dual BB

Open Question

even Spt exhausting via

ansatz motivating
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Color dual Fate of N 4 SG
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Bern Davie's Dean
Smirnov Smirnov 13

Seems tied to anomalous behavior
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Anomalous BEHAVIOR
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So is tr F a tr F

Double Copy Consistent

lie color dual factorizing for

all multiplicity at tee level
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Requiring Clk

Factorization even

Between 4 5 point
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How can you tell

4pt Ansatz
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fix on cuts to 3points 704
Everytg is either

preculled
set to 2 or 1 Ya copy

or free could be set to 0
























































































A an y nm te gone
3 F

t yay
2
3

e MDF t 62 MY
Mtf t

5 o n'm

Tc ADF G me
3 IF

CY HER E c nm
te

C could be zerotest
forces particulatesunless
























































































which it does
y

Cz 1

CT I E

Cy CY I

N NDFAYM 0 as

E L 363 n
YM

t d ne
























































































N 4 so at N Y sumLET.fi 4
resoms

IDFZtym
5213 YM tar F

Berkowitz Witten so
É t

orneteroticstring

Calculated through a 4

Proof LoopLevel resultswait
























































































A few words about DF

DF SYM SG Johanson Noble
117

DF't YM SYM Weyl Eistein Johansson Moguls
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Nextstep
Composition to build

vector BB

Proof that tr F
closes to CDF Ym

Effect of tower
on explicit

loop level calculator
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