
KALLEN LEHMANN DECOMPOSITION CPT CAUSALITY AND STATISTICS

PARTI FILIPPO NARDI

Let us consider the states In 5 Ss where 5 is the 3 momentum S the
angularmomentum along the È direction and r is a collective index which
includes the mass of the state ma its angularmomentum So but also other
quantum numbers These states are normalized as

r P si r.ES ferir 8s s lati ZP S 5 P

i Given the definition
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In addition
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Therefore the Piris are projectors



ii Let us consider the action of a Cpt Transformation on the states
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where IMrl 1 We want to show that PIK.si Pikes
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over all
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iii We now consider a local operator Oak transforming in the irreducible
representation je Je Under a Cpt transformation

cor0 1 7 MOOI 1
with 1401 1 We want to show that 2.0 402
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Because cpt is a symmetry of the theory 107 10 Thus
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Iv We consider the matrix element

010A lo lr.ES ZÉ YI Pr

that defines the wavefunction VI Pr We recall that
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and thus
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where Ti mio In addition
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that is
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Let us now consider the projectors
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From the previousresult we yet
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Rotations are
it
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v We want to prove
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Fromthe previous point we see that IT è p transforms as a J Je ix J
tensor Thus we may write

TIÈ T'È 02 251D 025 25

Now we notice that from the previous point we get 5 mio

DAA R DER R TITÌ P TIE RE ITAI P

This means that III P is invariant under rotations and thus it has spinsero
5013 spin zero representations are contained only in 5011,3 representations of
the form J This means that if we identify the irreps in TIÈ they
mustbe of this form This can be done symmetrizing and antisymmetriaing
the indices as usual The antisymmetrization produces a tensor with two
indices less
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Therefore the irreps are of the form

III a si D4 P

where J 25 25 2h This tensor can always be written as

IT hai 2,4 si p TIM mi P E Et Trinian TI sai

and from the covariance of TIE p it follows

Tu _µ AP An Nn TU U P

Therefore Tip can be written as combinations of g and pu If k is
the number of metric tensors in oneofthese terms we find that under p p
it gets a factor 1 2k 1 Thos

Tu _µ P C 1 Tu µ P
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and Finally

TIÈ P III p 112J 2

vi The sets of in and out states constitute two complete basis for
the Hilbert space of state Asymptotic completeness In addition for a
Lorentz invariant theory it exists a set of unitaryoperators Ula which acts
on these states The states can be identified with the same quantum numbers
used before Ir f Sa in out and they satisfy the same normalization

in out r P si IV P S in out Siri r 8s si 121T ZP 8 Pip

Thus all the properties we used to define Piratas projectors are still
valid in the cose we use in or out states In particolar

Pingufkis Pyotr S K K 8s.siPnootlk.s

as a consequence of the normalization of the state and

Iris PCK.SI ll
as a consequence of asymptoticcompleteness


