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Observation

Ween- Gordon field ¢ : Spin 0 (scalar) → commutator → bosonic excitation,

Dirac field 4 : Spin Az (spinor ) → anticommutator → fermionic excitations

• Spin- Statistics theorem :
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• The proof is elaborate and technical
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2. Therefore we define the Feynman propagator :
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Retarded Green's function :
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• Measuresle operators : I = It { tix) v 04.9 u 024. }

Example : JM = TVM 4 (but not : Yat Yat ! )
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• Lorentz group 04,3 ) = Lie group
with four disconnected components

• Continuous Lorentz transformations = Proper oothocleoouous Looeuft group 50+4,3)

• Four components connected by discrete transformations :

÷:÷:::÷:÷:::
Parity (⑦ Poosleunet 4)

• Unitary representation ou fee. Kise.f space :
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• Equivalento

U①4tex7U"47=I⇒2

• Dirac field bilinears :

UCP) 54U-re) I 4-4 Ct, - I' ) → scalar
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Time Reversal
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Time reversal should
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• ULT) a-PEU- 'CT) = dip
• flip spin ( E' -- F'xp → - I

'
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• be a symmetry of the Dirac theory ( (UCT), H ] -- o )
• obey U-ne) - Utc) (⑤ Wigner 's theorem )
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4. Transformation of spin :
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c) Define the weeds :
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d) Let FE (Po , - F) and show :
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Anti linearity (3.15)
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. Dirac field bilinear e ( example : jM=UT2M4 ) :
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4. Therefore : =
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F
. Dirac field bilinear s :
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u Frm yu.net - TAY ( Vector

)q⇐§fiee,%¥tsp%INoted
• Any relativistic QFT must be invariant under 50+4.3)

• The (classical ) Dirac equation trudie - m) 4=0 is {c. Pit} - invariant

• The (quantized ) Dirac theory is {GT, T} - invariant : [H, U# 3=0 for X=PiT
, C



• Weah interactions (of standard model) violate C and P but preserve CP and T

(⑦ Wu experiment )

• Rare processes ( decay of neutral haous) violate CP and T but preserve CTT

• CPT seems to be a perfect symmetry of nature

• CPTt4eorec

Sot is) invariance

causality } ⇒ CPT symmetry
Locality

Stable vacuum


