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note: for given p , choose K
; 2kg =2kp=m2
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,
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4 massless spinors
kinlep for real

man)



polarizations :

s=± fermions : Wtp)=/¥:o)
ñ±lp)=(→Eñ*)

with $-m)h±Cp)=o

indeed have Zsoln's arresponliglo 2 spin states .

5=1
'

massive vectors i (no more
n=<p¥#A f- er

"

) freedom :

no sage gun)G- = <p2¥m f- Eazy

E°=±m¢p'krF]+a⇒) f- Er'±⇒
er"-=¥¥↓# EEE __rzk
where bold Underline = sym over It



not surprising: can construct any NID rep from

sym comb of spin Yz (antig- singlet
-

so: A of masisive /massless particles in terms of
just massless Gawp) spinors .
-

what is this new 8012) ? F-5L

p=p±⇒+p±=2
rotations of pipa with p invariant

choice & p↑ direction

hittk-groI.fm#o)
recall : (hyogo) i 5013) - SUR)

so I -4.2 is title group index ko)

what about m=o ? there p=f(1,90 ,1) 8012)-VCD

and indeed Pai = Ip>§ : Ip> → ei4ps Ip]→ e-
ice

His real for real mom; complex otherwise



Under LG transf : momenta - unchanged
spin direction does

scalar legs ×

SE fermion legs: nino : carry LG index I

m-0: the: Ip> →ei9p> " weight
"

+ I

-hell Ip] → e-i9p] -. - I

s⇒ Igi m≠o carry LG indices It Gym)
m⇒ : + i weight +2 : ✓

- : i -2

will see : will be very useful in constrain
awnpl .'s .

"

charges
'

_ selection roles



its Useful to have some explicit forms ;

p=E(1) sinceay , siuoskie , Cso)

4k =¥pÉ¥i¥mei•☒(sink•u%
""" ÷÷l¥d
Aejiumoucb

✗
Massless

#pi)Kkpj) on <pipjs = <ij> angle
and Amy [pipj] = [ ij] square

brackets

for real momenta : <ijF=[ij]
also: zpipj-pidpj.in = trllpiscpipj]<pj1) =

⇒ <ijscji] (note : ThiaIFE zr.PE;D
⇒for real mom: <ij> =rjieie-ijf-rsije-ksij-pi-pif-2pi.pl

,
for m=o



zl Spinors are 2d ;

lkkalis-bljsa.be/C
I 1

indep
✗ <it <iks=b<ij> b=

:

kis<jks-ljs<kcs-ks<ij#
molt by some spinor
<lisgks-djsek.is + <lks<ijs=o
and sing:
[ likjli-cejkhig-s.lk][ij]=o}¥Éᵈʰ



lets do an example to
a. demonstrate
b. seethe use in simplifying Fgn dig comp .

Compton scattering eraser
-

ME for) ¥-
"

+
e-'e-

\
2

= # e-& &u¥¥¥→ $3k + 3"

3 ☐ : f-+ f- an f-
-

ft
helicity preserve

take g
<Pil 1ps]
< I / 13]

recall: E%*rz¥¥ Eri =ʳ

choose B=ry =p , i <I /Ej , 4 /Ei →0
++photons ⇒ 0 ⇒ opposite Kel. photons



take
g 3+4

-

:

air '¥s a- a "¥
1-
<11 (1+3) "<÷§)2] -1 # < 1/143-1--1

SB

! ÷
= 's
.

. =

= =

LG weights 0k:=# }É z+✓ 1- ✓

3 + ✓ y -✓

can rewrite more ; <13> [4) = - <31>[In] =
= ← <314] = <3 (2+3+4)4]wwltby

=

23247=-232>[24]
= #

<14>[23]
V23]

]
= #

4456312

⇒ = # ¥÷☐-
←

SM



to get the cross section :

polarize : 1m12 : here just a complex # !

4 F- ÷÷= ¥,
* gauge sym⇒ let's us get rid of certain
diag's [ gauge redundancy less of a problem]
*

manipulatioyeasyiamplj@aavmplexA-easytosguare.s
one of the 1st does for power ;

for QCD (color - color ordering) : Mangano - Parke
9g→ ng 2 3 4

. _ 8

4 25 220 10,525,900

yet in some cases ! final result is simple ;
n- gluons : all + : O j - ≠ . . . -1

,

:O

Mtv - - + . - - + : #⇔É



again just a # !

( count dim: <ijs , [ij] dim-1
4-n ✓ dim of Min

so consistent - sage copy-011--0

suggests ; there must be a better way todo this
. .

avoid gauge redundancy ?
let's concentrate on the int

. of m-osp.ir/-


