
Another ample of interest : Ffv ;

⇒ %
All'- 2-3-41 Eh= -1 : square

c¥÷§ E]=o ⇒ gauge coupling .

(check explicit)

A-(1+2+3-1) : C' [B)[23]
↓

⇒ = -1 KITTY Fu)
dipole interaction

? relation between Ffv coupj and A coupling
Game gauge coupling

again - apt AT



my analytic properties .

tree i A- D- (pot; Jiji)
↓

<S E] ⇐ C)
collect .

rational fu (in both ij , sij → (ij))
Sij → collectively stands for

sij-pi-pjpjsijw-fpi-pj-IPKF.ativariantg

locality :* particles

%¥are singletpoles in the sij

arising from a propagator going on -shell
'

d
n

2¥,⇒ P= - pi -Pz . . -pm

m
m" if PTO :

¥=(p+p≥¥-p⇒ = ¥ Pole

residue: MHz ,

- <M
,
P) . Mfp ,ma , - - n)

(ma) (n-WH)

(*no ¥ int . or ¥ in d)



generally: if we have an analog fin
& know poles *residues - can determine the

function
.

• if it's well behaved (behavior at A)
• technically! doing this brute force is hard-
ma-ngrania-b.es ! sij (4 pt : zindep ones)

• orderingD relevant : in general need to
consider all topologies J-T
many Poles (factorization

channels)
if can disentangle this - good

no-wi.startwithupt.co
brute force guessing• rediscover 4M
• color ordering (technical &practical
• BCFW recursion : systematic construction:
many variables → single complex variable



UPI : analytic structure

Gaugetheory rediscover (Yang Mills)
n Mao f- 1 particles

g-
'

g-
'
→ g+g+ scatter

my" zb-3C -1yd
-1)
-

LG scaling M= 425 [34]2fᵈʰᵈ(siz ,Sis)
read ! fz=(PHPzJ= Zpipz 512-1513 -1523=0

Em]=o = -y

we said Mda
-

2b -3'Y=gfabc¥¥
↓

tot As

treated ; fatal is a rational In of Sij
sing: poles : when some propagator goes on
shell



1
a

↳ ¥
"
ᵈ

2 P =p ,-12
3 C

PIO M hasaa simple pole ~ ¥
residue ~

'
+

× ¥#
"*

3 c2-
b +

guess;§feabfʳᵈ ¥ ¥⇒{☒ .
14€

+ (→0 as $¥pHÑ
÷ :¥:¥→=

↓
= <k5[3Ñs¥¥_-☒aI = %¥3Ñ
Sr residue ⇒ Sista ! M features what look
like double poles . Could have foreseen :)
it no scale in the problem [fabcd]= -4



Can solve 523=-512-513

⇒ fated
=
1- fated /§,⇒
512513✓

power series in ¥
,

but cant have too negative powers .

torsatz must be of form:

<12>434321^5%3 + s¥⇒ + É÷⇒]
SkP 512-20 523^-513

A-Az=g2 fabefcde

Sis poll :

Az-A , = gzfif
"

$3 ! As -1-3=92 f-
"

f
"

⇒fabefede-facetbde-f-defbczofis-acobiident.ly!



Lie algebras from 3,4 Pt scattering of
massless 5-1 particles!
to get consistent amplitudes :

• spin - statistics (Bose
sym)

• correct analog prop . at ypt amp/ :
correctsingle particle poles of (factorization)

totally As fake satisfying Jacobi identity .

¥ÉumÑEÉ

42%343-2
=

↑
ÉÉÑIz 513

sign
MHV !



some comments :

1)more terms ?
starts
ansate ; <125643¥

,
É↑z)

because assumed no scale (renown)
but what if there is a scale?

can add poly tenens with no poles :

+ <1254312¥ panel /Is , {⇒ )
no residues : cant expect to determine from
factorization

.

bad? no : precisely what we expect for an EFT .

~

2)what about Fgn diag computation :
7-f ,

- . + h①?

will come back to this after talked
about color ord

.



Color ordering:-
• completesr%etᵗ of tools for comp .

(in part .
from

Fyn digs
.<☒as

◦very useful i also many useful relations for ccakelatj
IAP Mangano -Parke review ④

• usually Agn dig w/ false
fab- = -iz[tr-a-b-c-tr-T.TT
can write ay h- gluon tree :

Ante gu-2 ztrtar" - - Tan")A↑%H
,
- - Tfm)

non

cyclic
#

perms color ordered

amplitude .

each color ord
. awpl , is safe inv .

notion of ordering: eg for All
"
'
"

,

- .han.hn/:diseulagksome poles :trTat -Ta"

1×2 ✓ but no Sb Pok '

n

n
-



the MIN expression quoted before are
for color- ord

.

ample

Anliziént) : Inis

trta: - Tay
=

2)before i saw howto construct A-y from Az
(bootstrap) by brute force guessing .

You may wonder: this construction was blind
to the Gluon Vtx :

¥ = gfab- [GM (k-pit - -]

but also ¥ = -igzfffcgnsg.ro - grog%)
execute + - -]
show:DCan choose ref momenta so that
the contrib . of this vtx-0 always .

[② show that all + , and - + . - + amp1 's =§
→ goose invariance allows us to get rid of this contrib .



another
way : constructed Ay from As

alot ✗

surprising? no : no
newtinfoin

completely dictated by gauge invariance .
but terms of the form

<1254312¥ panel /Is , %-)
are new interactions - new input that we may
add

.

'

may or may not be there : only apt can
-

I
④
before going on : one more practical tool '

supersymmetry .

n- gluon treeampli is oopersymon gluon+quark u !

gluing /quarks dont enter
.

already saw : Lorentz constrains amp/
Susy= ext

.

of Lorentz : more constraints

relates ampl's of particles of diff s .

⇒
I


