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1) Solid Experimental Evidence that 

Pions Carry Directional Information

2) According to Theory,  Spin-0 Particles 

Can be Four-vectors

3) Two Proposed Experiments that can 

Prove that Pions are Vector Particles





 Bhowmik, Evans, and Prowse, : Proceedings of the Padua-Venice 
Conference on Mesons and Recently Discovered Particles, p. IV-35 
(1957) 



Angular Distribution of Muon Decays for 

Pion Beam Parallel to Proton Beam



R. L. Garwin et. al. Phys. Rev. 108, 1589 (1957)



W. Z. Osborne, Nuovo Cimento 41A, 389 (1966)



 A Lorentz-covariant field is in general, not a unique 
spin representation, but breaks into several spin 
representations.

 The Lorentz covariant representation Djj’ is associated 
with spatial rotations and with integer and  

    half-integer spins.

 The spinor representations D ½ 0 and D0 ½ correspond 

to spin ½.

 A four-vector field that belongs to the D ½ ½ 
representation. D ½ ½ corresponds to spin 1 while 

   D ½ -½ corresponds to spin 0.

P. Roman, Theory of Elementary Particles (1960) 



P. Roman, Theory of Elementary Particles (1960) p. 99



“[From group theoretical methods] we see that there are

 just two possibilities for the spin of the particle described

 by the vector field…”

Spin Zero 

ε μ(p) = (i /√ 2E)( E, p1, p2, p3)

Spin One 

ε μ(p, σ) = (i /√ 2E)eμ(p, σ) 

S. Weinberg, I The Quantum Theory of Fields (1995) p. 208



W. A. Perkins, EPL (Europhysics Letters) 114, 41002 (2016)



A. V. Crewe et. al. Phys. Rev. 108, 1531 (1957)













 Five experiments by five different research groups 
demonstrated that pions possess directional 
attributes with very small statistical uncertainty of in 
each experiment. 

 A vector particle can have spin 0 (Roman, Weinberg)

 Two proposed experiments were discussed. Using 
new knowledge about spin-0 vector particles, one 
can vary the angle between the pion’s polarization 
direction and the pion’s  momentum producing 
predictable results.

 Explanations for how pi-0 can be a vector particle 
exist, but leave that problem for later.
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R. L. Garwin et. al. Phys. Rev. 108, 1589 (1957)



Can a vector particle decay into 2 
photons?

Vector states of 2 photons:

 ε1 × ε2 ,    ( ε1 . ε2 )k  

  These vector states are asymmetric 
under interchange of the 2 photons. 
Thus, the 2 photons must be different.



Forming linear combinations

 which are eigenstates of CP

π0     ϒ 1  +  ϒ2



• Pryce wrote a theorem  to prove that a composite 

photon is impossible. Using that theorem, one could 

prove that pions, kaons, etc. cannot be composite 

particles

• Pryce started with 4 solid postulates

• All the steps of his proof are correct

• However, the proof used a 5th postulate that is not valid

• The 5th postulate is that a composite photon must 

satisfy Bose commutation relations

• A composite photon satisfies the same commutation 

relations as Cooper Pairs


