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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

E KIT BEI CH Y
tree level treelevel



This talk will largely be at tree eve

but borrowing insight approaches from

Loop Level

Will refine language
around double

copy via h alg composition
7 MC LR Z Y S É

1910 12850

m ah noo 8mm



composition Double copy

1 1 9
full amplitude Dodgy

S

H
adjoint

I 4
adjoint composition

E g
I DOJ D4

PIONS covariant zed frescalar



Summary

composition lets us build 1910.12850

2104.08370

classify EFT operators for

gauge gravity theories

with SMALL set of Building Blocks

N 4 SG may
have a

2203.03592

non local color dual fate
is

Benoit Witten Csf

Heterotic String



EFT

Higher derivative operators
or counterterms

let you parameterize your
Ignorance of new physics

with available fields
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How we calculate at loops

TIFegandiagrams
off shell

unweildy

factorial of diagrams

But.mgf.gfggdicient for
Verification Cut construction

Virtual integration
wants local reps



Gange

Loop Integrand Map
T.ae II

topology

to
color mights T t É T CHI

propagate weights I a
numerator weight ha ke Ee l ly



Weights shouldobey

symmetries of topology
tiff

d

ygno ash ashy

b sky or b Jk

hi Lk esh esh

unitarily cuts



n

Fix on Symmetries Cuts

Duality between color kinematics

can help



t
fan

EFFI



Demand this holds for n as well

FIE

It

All of3 loop Ypt SYM in one topology

Bern Carrasco Johansson 8



Note feedback
constraints

I
a

Fa

Jacobi relations are fine at loop level

so Ansaitze me naked but can getexpensive
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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

wlatnessingwsymati
Easy scalarpermutatuininvariants



4ptteelenelygittypent
h Fe

5 kith t k that m hiths
Sir

i
II

gcs t n

gets n glut s

gls n t

4 is



Adjoint conditions

2 3 2 3

H I I
I 4

I

Nal sit n halt su t Nfu t s

e s

1 1 FI 7 1
Y 1 I 3

nalsity hats n t



I It
hits Its tofu
II ite it

9 A c fab god
m

n a b c b c

Adjoint type E n s 4 4 s

t n GI



PermutationInutlonditions
ZA Is t

ix

Pa doesn't care about leg
order

int une Sy

Cl X da
bed



Note no liner perm in ut for massless

s t t t m 0

But can compose adjoint ga to get

perm in ut

Madi Radi Nst N tht that

pen's nss s t t tu g

Note also trivially

As A p posts p Tais



Adjointcompatypt

Ms Nadi Madi P he Dina
Mt Ma just come funchly by relief

Is Nss Nss as t n

P Nss Iast me 63
T E

Py IT TL 62862 Etu'T



SimplecovintizedScalf spans all scalar

adjoint type BB
under composition

Climbs a ladder MD by MD

Closes after 2nd rung underpeter
invariants

3Y 2X MD 1

Mind ICE 6565 N
X Y 34 27 MD Z

ICI GIG Is
X Y



Can add color casts fabefeed

da
bed HÉ a d

E

d
to n s using

a
composition in

relevant ways
eg

yg
bed

da
bed
IT



Note F
da
bed
St AT 234

p
a bed vector

Its ordered amplitudes
don't satisfy

n 3 BCS aptitudes relates
C f

they're perm int shruti

Rather it is a double copy Paranjapé
TALK



This allows us to recover

Open closed Superstrings
at Tree Level As

Field Theory Double Copies

from scalar perm invariants 62,63

scalar adjoint numerators ITe

single trace color weights da

sym numerator Ci



O
OSS E OS YM

CSS SYM SYME

Ig cads nss 656 C y

cadi ITsG2x6sYCI.yw

II 62 63 Ty

SYM's NY 656 y



IItigti.IE

nisums
2 Csi before finds the right way

to express this in tens of Oss

directly in closed l form at 4pA

Check out PRL for exaple

proofs



Why no Css nm or

C't ca n Ym

Resulting numerators satisfy adjoint

constraints but NE Gage Inu

What about eg other tensor strikes

turns out I 8 spanning building block
at Ypts

IV
3 I



H Ym
Vector Building

a above
Ymt2norÉttri f

EJ 63

Ho
2 te't tote x abou Yon

t 2 more

14 OF

All other local color dual rectors spared

by these perm invts



Eg Bosonic String Z DFT YM
E HI

ADAM Ijm n'Ia n FIL no 21h07

62 2363

Fine
But can these be algebraically constructed

STAY TUNED
JMC
L R S É



Is this just a feature of 4pt
No Spt even richer

a fascinating surprise
No adjoint linear building block

Mf RelaxedIstead

I 5

heh ks k
Omar SE
2104.08370

fare



sptp.tt gebjgicstrgtares

f Hybrid d f

1 11 Adj 333

HI Relaxed Adj Or

14 Sandwhich f'd so



Lesson from five points

Odd multiplicity EFT

linear building block Relaxed

Even multiplicity Adjoint

kik
n haha



of
Vector adjoint color dual BB

Open Question

even Spt exhausting via

ansatz motivating
constructive

approach.lt

STAYTUNEI



Color dual Fate of N 4 SG
TIME ML NP 2203.03592

Diverges in 40 at 4 loops
Bern Davie's Dean
Smirnov Smirnov 13

Seems tied to anomalous behavior
T TMC Kallosh
Roi ban Tse Hin 13at I loop

Counterten related to AI
does resolve 1 loop anonouls blur

doesn't mess up UV at
1 z coops

17 Bern Edison Kosower Parra
Martinez

17 Bern ParraMartinez Roiban
19 Bern Kosower

Parra Martinez



Marcus 85

InomALOUSBEHAVII
a

Ashe 9944 0 EE

At p gghtht o o
min

a
n

Con understand behavior via double copy

hazmat maximal SYM pure YM



Anomalous BEHAVIOR th
gto g p

Ast Panth g og hi

As
m

g g
gtgtjxAYMCgtgtgtgtjsesusy.INT

attreetevel
VALID HEL STRUCTURE secretly Susy

at treeTREE OR LOOP
NON ZERO AT I HOOP

To cancel anomaly need COUNTERTERM

that admits 4Gt even at the level tried



So is tr F a tr F

Double Copy Consistent

lie color dual factorizing for

all multiplicity at tree level

YM F

7 a y 3pt sure



4pt

J T Ym

a F single insertion

2

Wy
double insertion X

X
Needs 4pt tr IF et ok



So is trF 2 trf t

Double Copy Consistent

with a finite of CT

Apparentlynot



4pt A spt

W Y L H
f

x X L H
t an

ex L
TIME ML NP 2203.03592 Il



Requiring Clk

Factorization even

Between 4 5 point

INDUCES A TOWER

ALL THE WAY TO THE



How can you tell

4pt Ansatz

nut É III EY sign i

fix on cuts to 3points 70k
Everytg is either

preculled
set to 2 or 1 Ya copy

or free could be set to 0



A n'n t y na tf
g 2,4 377 806

2
3

e MDF t 62 MY
Mtf t

5 o n'm

Tc RDF Ga ne F

IL MA E c n'ma

C unconstrained could be zero

Unless ladder forces partialvalues



which it does feed bah on

Cz I factor into'D

I I

set ok

Cy CY I

N NDFAYM as

E L 36 n
YM

t d ne



N 4 SG et N 4 sym LIM t tr E3

CDFZYM
t

Berkowitz Witten SG
or

Heteroticstring

Calculated through a 4

Proof Loop level resultswait



A few words about DF

DF SYM SG Johanson Noble
117

DF't YM SYM Weyl Eistein Johansson Moguls

Teng 18

DF't YM O Z Bosonic String

DF Ym SYM aregravitons in

Heterotic string
Azevedo Chiordaroli

x X SV ZD Johansson Schlotter
a 118



Nextstep
Composition to build vector

BB

Proof that tr F closes to CDF Ym

Effect of tower
on explicit

loop level calculator
in N 48Gt

Loop level composition

Lots to Do



Summat

composition les us build

classify EFT operators for

gauge gravity theories

with SMALL set of Building Blocks

N 4 SG may
have a

non local color dual fate
is

Berkowitz Witten
Conformal So

Heterotic String


