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Lowest —order Covariant annihilation diagrams
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The interpolating photon polarization vectors
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Covariant Feynman amplitude
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Center of mass kinematics
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Lorentz Transformation
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Time ordering in the interpolation dynamics
t-Channel

Covariant Propagator Forward moving Backward moving
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Observe symmetries between covariant Helicity amplitudes

Mt++ = -(Mt+-)

Mt++ = Mt-- MtO+ = -(MtO-) Mt 00 Mu++ = -(Mu +-)
Mu++ = Mu-- MuO+ = -(MuO-) Mu 00
Mse++ = Mse-- MseO+ = -(MseO-) Mse 00 Mt++(0) = Mu ++ (7 — 6)
Mt+-(60) = Mu-+(m — 8)
MtO+ (0) = Mu+0(m—0)
Mt+- = Mt-+ Mt+0 = -(Mt-0)
MuO+ (0) = Mt+0 (T —0)
Mu+- = Mu-+ Mu+0 = -(Mu-0)
Mse 0+ () = Mse+ 0 (m — 60)
Mse+- = Mse-+ Mse+0 = -(Mse-0)
Mt00 (8) = Mu OO0 (m — 6)

e Helicity amplitudes satisfy symmetry based on parity conservation
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H(=h',—h) = (=DM "H(R' h)
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e Corresponding time order amplitudes also satisfy these symmetries Journal of Modern Physics,(2013)



Critical annihilation angle
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Critical interpolation angles
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Critical interpolation angles (Pz# 0)
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* Ptand Pu play the role of Pe
 Etand Eu play the role of EO
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Ex
* A positive scalar meson projection to the polarization vector of the rho meson gives 5;5 or 53?

critical angles depending on whether polarization vectors are transverse or longitudinal
respectively.



Summary

Covariant Amplitudes O
Mt ++ = Mt-- = -(Mt+-) = -(Mt +-) 5pi 5t
Mu ++ = Mu-- = (Mu+-) = -(Mu + -) 55| 67
Mt 0 + (Mt 0-) 53 | 6p¢
Mu 0 + (Mu 0 -) 55 | Sen
Mt + 0 -(Mt-0) 55| Ser
Mu + 0 -(Mu - 0) 55| 699
Mt 00 Spp | Oeor
Mu 00 Spu| Oent

6= Critical interpolation angles in
which covariant amplitudes
are equal to zero

Corresponding time order-
amplitude also vanishes when
0->0,



Limitation

IFD — Interpolating Dynamic — LFD
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Total energy of the
boosted frame =

E = \/4155 + P2
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Cross-Section of the processes using Mandelstam variable. |M|? = M2 + M 24+ M2
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e Two Scalar mesons annihilation in to two rho mesons
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* Scaler electron and proton annihilation in to two photons
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* Two Scalar mesons annihilation in to two rho mesons
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* Scaler electron and proton annihilation in to two photons
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* Two Scalar mesons annihilation in to two rho mesons
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* Scaler electron and proton annihilation in to two photons
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