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SCATTERING AMPLITUDES

µ
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scattering of particles
-

:

- ;
with momenta Pi

,

Ji

µ ↳
pn Spins

pie etc

IT
A amplitude ⇒ pwbdrlityouy.lk#

F- FIAT DPs cross-section

y
these objects ore very beautiful moth . obj

they have many nice properties .

the way we compute them with Fegh . Dig .

OBSWRES many of these properties .

Forst

one is transf under Poimaré Fheusf .
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SPACE-IESYMMF-TRLES.tk#ESANDS-A-MPL .

Amplitude computed from

S-matix-S-fzfatpioi.pirn.ly/mPnon...pmrm>
P

multi particle stoles .

• One Porhde states ore defied oo ineducable
-

representation of PaNotRE'__

Lorentz + Translations

*→ x
"
= AT + bm

an element of P is GCA ,b)

b°
bl

gcb ,
A) =/ AT

• • • •
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Bike Gasp : group of symmetries of

p
NATURE

,
embedded in

QUANTUMRELDTHEORY-QFT.Phyr.catstate tf which represents

some kind of portree

they can be defined os set of states that

only mix among
themselves under P .

14is
P→ Pig tyg >

*no subset must transform only away than seven
⇒ IRREDUCIBLE REPR .

* mohx elements must be Pomare
-

twosat

all = Eihl Ptp 1427 = 04^142>

Pt=P -1 UNITARY REPR . 3



IRF-DUCIBLEREPRESENTAMONS-oreclon.frend

through the drapes of LITLE Group of
the particle 's momentum pµ-

|WMPv=→ diaries]
-

ONEPARTICLESTATESUH.ae/4p.o--,e-ia.p
%D¥cw9p) ) Tap.si

taadotas A
little group of
Poimase

-

- .

for momentum ph
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three different cores ore physically relevant

• pM=o ⇒ Voeuum
, nothing higgens

• P'=/ 0 ; piso ⇒ monire postiches

little group
5013) ( pM=(m , 0,0, 0) )

representation spin j ; Cy + 1) states
f- integer
Wolf - integer

enrol polices we know ⇒ little gap
tells os portals simply transfer order

Sood
,

like
..
Non Relativistic 0¥ !

D%(WH.pl/=CHtD-dmumitoy
matrices that represent
5013)
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• p&=o light - like
,
moisten particles

little Goop pit CE, 90, E)

is 15012 ) = Euclidean group
of not + trend

in plane !

translations are represented
with continuous eigenvalues !

We do not see continuous

# eigenvalues associated to polls !

Degenerate 180Gt = SoCal representations ?

µ,
this 8041

,
so not oiandp

*

ljl h= hebaty
Do
,ywµpÑ? eih " P ) ⇒ is www.pa

doo continuous. g



⇒ Since Lorentz Goop Cowl so Poincaré )

is Not simply connected
,
Topologically ,

one con show that he must be nor I !

Pa

Pan pz topology

Poinari group

☒AXIRSX 53/2-2

%

*÷

=

be what to

a point !but if I go back out forth
twice

,
it is

⇒ e

"Tih
=

must be trial =L

⇒ h={ nor I } !
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1MPoRtA_N_ : why photon h= ± 1

and not just + or - ?

-

,

invariance under discrete
⇒ PARITY !

symmetries

swaps § → - pi , flips hebcby
h=± , doublet under P in 04,3£

in a theory that is Not forty invariant , we

don't love doublets ! For example , if neutrinos

had been morden D= 1- tz separate STATES

L
,
R neutrinos

different

PARTICLES



back to S = (yetPiti . pini | Y
'm

Ron . . . pan
>

this should transform os dictated by nwebpohide

Ades ! ⇒ LITLE GROUP

the way we unolly compute $ is through

exp
la Feynman Di yours

*

gone
.
'

} ,

= Eieieiqi f.
NYT
I

ei / Amputated green .
Ruction

Pol rectors
transforms as

Lorentz

F.✗ it by outwits] TENSOR !
Lorentz indices out

bringing back Little Group !
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VERY IMPORTANT : in QFT we usually work

with non-observable FlELDS_ .

Fields do not need to transform os

UNITARY IRREPS OF POINTS ⇒ THEY DON'T !

4%1=4 / dp-fbcp.tludcp.tseim-h.cl
→

I A. Connection !

utcp , -1) wore-7
T¥ transforms

yggp.mg
atnnsfouesPARTICK STATES

or FINITE IRREP or Lorentz
=

of LORENTZ out os
INFINITE UNITARY Little group

cnot unitary ) IRREPS d- POINCARE
' I

__
-_ P0UMHNS

he sat 1

m¥ so



So now we are left with this goal :

?⃝ we need to understand Lorentz
,

In order

to represent EN
,
U2 etc

⇒ represent properly 8- amplitude

ifreps of 6RENTz#ooP
-

② We want to use a
" notation " that

makes the
" right

"

transformation under

LIITLE GROUP straight forward

spinor - Helicity
Notation

-

two (mong ? )
birds with one stone ,

this hotties

will be god also for other properties !
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