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Three Parts of Presentation

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



Observed Asymmetry in -y Decay at
Rest (emulsions)
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Muon Distribution Relative to
Pion and Proton Beam Directions

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

Oirect pion




Backward/Forward Asymmetry
from t-1-p Decay using Emulsion

TaBLE L 7—p decay of 7's from # decay.

e,
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<12 Mev <15 Mev Total

B/F  71/%9=18  85/4=16  186/160=116

el ey oo,

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




Asymmetry in K-1t-pu-e chain

OSBORNE (fig. 1)
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W. Z. Osborne, Nuovo Cimento 41A, 389 (1966)



Field-Spin Connection

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

The Lorentz covariant representation D¥'is associated
with spatial rotations and with integer and
half-integer spins.

The spinor representations D 2 © and D° * correspond
to spin 2.

A four-vector field that belongs to the D *
re;)resentation.D % % corresponds to spin 1 while
D > -2 corresponds to spin O.

P. Roman, Theory of Elementary Particles (1960)



Field-Spin Connection

Field-Spin Connection

Result of calculation to determine

spin associated with a field.

[Roman: "A Lorentz-covariant field is in general,
not a unique spin representation, but breaks into
several spin representations."]

Field Si
scalar =—————l— (O

SPINOI m———l—  1/2
1

four-vector /
can be excluded b>\ 0

Lorentz condition

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



Vector Fields

“[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
€ () = (i /N 2E)(E, Py, P2, P3)

Spin One
€ ¥(p,0) = (i /N 2E)eH(p, o)

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



Composite Pion Field

V# = \I’T7O7M\II-

VulR) = 2 e 3 {0 (P, )] % [y (B, m)] ).

1
€u(ks 1) =— (B, kna, kny, kns, ).

2/9..2
oV, [0z — M?V,, =0,

uXu (P,n)] R o [P,,X;’L(P, n)] e"iPR}.

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




Counter Experiment to Detect
Asymmetry in -y Decay

ANTICOINCIDENCE COUNTER MUON COUNTERS

DEFINING
COUNTERS

ROTATING GQUIPME NT

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




Muon Distribution Relative to
Pion Beam Direction




Counter Experiment to Detect
Asymmetry in -y Decay
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Predicted Asymmetry for Vector
Pion Model
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Emulsion Experiment to Detect
Asymmetry in m-u Decay
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Predicted Asymmetry for Vector
Pion Model

proton beam

90
¢ (rotation angle of detector)




Conclusions

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, Weinbergq)

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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Val Telegdi (1957) Conf. Talk

We now coBe Lo the main subjest in the title of this resume - the apabial
propertles of T-mezon - 1 have fmaglned that oy people expected great changes in
this field at this Conference. Unfortunataly, we hdve heard many reports that ghow
that “vary experiencad poople have been the ‘vickime of & bine, and that bo ooy hest
nawlédps there 1e noe physicsl significomes ts Ba albtacked 1o the v-u-decay. The
Bome group hidve exanined 1§ the bhisg pan srisc feam diatarLion In spulsicns but 14
MUEL Bt Slalad §n my oploicn that el though 1t hes been shows by sdversl semlelon

workars L ko s blas, the entlrs neture of the Lias Q& nol udnretoed, and Be it
might b necessary in the fabure to rely ak laast in prelininafy GessuFcBenLa  an
Assymmetrivg pade In emulslan, 16 1e probably worth while going on with these studies,
e that the geestlon ooy be betier understood in the fature. It §s reserkoble ohak
the babble chmbers hhve the saze Blazs - T do not koows anything showt btubhle chanhers
sxcepl thet one takes pletures - go 1 will ledve the sabjnct bto other poople.

Blectronically the Golumbia people, hy thelr classic methods of pracession have
shoen, in this case by a chain of proceasions, thet there is ng correlaiion bebwes
the & and the p-meson Lo within 2. [t wes not Feporied st the Conference but the
ease eof p-mopons in Tlight hes also hees siudied st Chicaps by Crew, Eruse, Ponder
wd Miller, again with a negatfive résult - & possibllity of on ossymmabtry of legs than
. 1 think that thé concensus of apinton would be that this effect doss not sxist,

L was all very @xclling bat it 15 over nes.




TT-J-€ asymmetry about x-axis,
y-axls, and z-axis

TABLE I1. Space components of cyclotron #—u
emission asymmetry.

W_—_‘—_’—
x 0.004-+0.018

0.025+-0.018
—0.016:0.012

——eee e e ——————

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




Decay of Neutral Pion

Can a vector particle decay into 2
photons?
Vector states of 2 photons:

el x g2, (el.e?2)k

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



Composite Photon Theory
Predicts Two Photons

Forming linear combinations
which are eigenstates of CP
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In 1938, Pryce Proved That the Photon
Cannot be a Composite Particle?

* 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 5™ postulate that is not valid
* The 5% postulate is that a composite photon must
satisfy Bose commutation relations

* A composite photon satisfies the same commutation
relations as Cooper Pairs



