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the case of non-identical particle and
to the cose of particles with spin.
·Statement indeed holds true also removing
either were packets (on 0 or on 17)

⑰



us

#Tozp ; = zki

*tin <Pi -P)$(k ,
- -

- ka)

In order to make the computation well defined
must introduce were packets

ePiai
i Ei (a) t ,-i Q . x; *

->X(xi) =Je --

X
; (a)

Ei(a)=+ q2 p= M?

2



- iFr(Q)Tati Q . Ya
·-iKabeta/ba) =Jere e ↑ (a)

Ea(a)=+ 2

=> Jtdti Meta =aT(0 (t) ---)PT))O

=D - each ati
,
d To con in principle give a divergence

from the asymptotic - # regions

Sat ~E

· The asymptotic cluster formula is easily seem
to imply such divergences can (only) arise

-



in the
region to + +as To --

· In these region :

·at(
,
----- (10=T()T(-0

· can insert 1 between the two operator strings
weite 1 = 1 . 1 = [1_

2
- 1 · 1B<B+

=f(x)(- /B+ > <B + 1

=[ () Sop < B+



· our expression there becomes

J)caT(0Ht)-- - OA)IIIT)-
#dtid Ta

=> leading singularity 19
_
) = 19 , ---qu

-

IP1 = IW ,
---Wil

=feltidTa FolT(-)195-in) 19: -q(w, - - way E W
,
-
-/T/Q]-0)10

nitu ! dra &
we



& To estimate the contribution of the asymptotic
regions we can now use the factorization

by pothesis
· considert contribution first
live = d O(t) --- O(t) 19 , ---an3 = [TTxa(t :) (9a(i))

#
minstin -> 0

d
in reality for ti = determined by ware packets
· each factor gives

&
O

& dtioHilli = rfelti e-Emit
x* (9H: )

Tx
TA Mp.



where We wi(10) = E X(w) e
i (Em (2) - En(w)) t

recalled ToO(t)(w) =EXT(w) e
i (EM(w) - Em (w) t

· for Mitue integral converges thanks to swearing from
- Et ;

JazpaisD ok to add convergence factor a

&

Jelt ; ei(Eni (r)
- Em(ir: ) + is)ti=Em()Tx

Combined with depuis each factor then gives

)(E) - Em(r) +ia)



-(9) - Em(h +is)
3

=risCiri)

Now

↓air dandtiqia
-

sumatric

=



· A similar procedure applies for the in factor
In that case factorsone
-Ex

S W Ofe(Ta)(0 dTa dawre
-D

= w Tal



Thus in the end we here

Pa(a) G(p, . . -pi;k, - - - kn)

=

=pi)ifretake) =

*+is EP -- Pnk,-
-i



# Consider instead Sept 2025

ips
(a)(t)(0) =(dzdapg

*

(k) < k)0(t,x)(0)pea
i(p+ k)x

=Jar, drp e 2Ep 9
*

(x)4
*(p)E

2i Ent
= Jdax e q

*

(k)X
*

(- k)Tz

-> o fo ++ = a



# Parity
,
wave functions & projectors

· Back to the basics

(2 , 0) - (tu) [ Parity
Co. 2) -> (m) is

· from QFT1-2 lecture notes

(4)
*
= 4, (4

,
)
*

= Tac

· rHa) Up = P tr Pap = Wp
Up(RB) Up = PBC+ pic = joisa



So un

-
& -

↑

· j-
,
j + O

X... - Xj-

B.. - - Bjt
=O

L
B
= O

L

- A - A

Symus

·i
+, j-
0 ,-.. -

B- - - Bj
=0

B =
02

· (0 + 1
, )
*

= 0=
&

L L A
· Inv = 0 '1 .

& O B
- o O'B A =>

#Ware functions

O +
(x-

,
j +)s

Au
= (p) = x0P(d)(p ,r



= D(h(a)13T" E
3 L

b
to

Suitably
normalized

↑

· (
: + i - 1) = +** (p) = x00Rt()(p ,

u >

↑

=Pr(H(p)) S Frf

# Comments

· ThS and TRs is commute with S0(3)
Bo 2

Clittle group >

Ths = folv(r)u(r)Ovirvcr, EBj



= Dr)g TD (R)

D = TD by Schur Tar
~ projector
on spins

· In parity invecient theory
u
+

O Up - PagOR T = Pis (Trisy
is

P

#Based on R-invariance we now have

(TR ,

Si *

Ad
= Graa)(+

+s

&
=> pick normalization such that C = 1



= (Th[c)(Tr)
*

= T3

= projector on spin s subspace

(53 _ TB) T =

were equation in rest fraue

· Boosting · t(p) = DCH(p))
=

B +
4

35

*

· (0) = 445(p)(R .Si(p)A
,
2

= DYCH(p) /T(0) D*Y(+(p))



= D'CH(p))(0) DC H(p))

= (5 - π(p)t(p) =0



· In Synthesis

· for scolors <P--pulS/K- ku) =
lim Im6,
p=m

? i

kjz

· E = Xo0()(p) = factors

· for spinning particles Et=olD/ p,

ideally we would need a "fied" Or such that
<o Of . 1 P ,t) = E Gar



·Contractionwiththeparityue
a

f Or (p ,) = (42 = (p)
*

O
_
(a) =[F *c*]= Of()

Tol@(p ,2)(p ,0 = 4+ E = Erot

· were packets

SO1) (f **)[(p)x * (p) e Presc

= 0x(t)


