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Abstract

—

We propose simple Lagrangian that by the choice of the representation of SU(2), gives rise to field equations for arbitrary spin. In explicit examples it Is
shown, how the Klein-Gordon, the Dirac, and the Proca equation can be obtained from this Lagrangian. On the same footing, field equations for arbitrary spin
are given. Finally, symmetries are discussed, the fields are quantized, their statistics is deduced, and Feynman rules are derived. This poster is based on [5].

Introduction

There are many attemps to unify the description of arbitrary spin fields, starting from Dirac, Pauli, and Fierz
[1,2]. We propose a specifically simple Lagrangian whose equations of motion may be written as the well
known Klein Gordon, Dirac, and Proca equations. Furthermore, the Lagrangian gives a known equation of
motion compatible with the arbitrary spin case. Finally the quantization of an arbitrary spin field is studied.

Spin One

For spin one, the representation of SU(2) Is the adjoint representation. Again, the components ) and Q of
the former spinor Is taken into account. Note that the field components are complex. The eom's are:

The Lagrangian

The following Lorentz and Gauge invariant Lagrangian is proposed.:
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Giving the transformation laws of P and Q spimors under the Lorentz group, one can see that a certain
combination of them tranforms as electric and magnetic fields. So one defines:
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The field W i1s composed by two spinors with 2s+1 components each one, corresponding to the dimension of
the representation of Lorentz group that governs the fields. One also may define the adjoint spinor of W:
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Where the tensor G may be identifyied with the field strength tensor of a Proca field. And the eom's may
be rewritten in a more familiar form, the interactive Proca equation for a massive spin one particle,
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Arbitrary Spin
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Let > be the generators of SU(2) in a 2s+1 dimensional representation, then the symbol H* Is defined via
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The g factor depends on the spin of the field: E or § +

Leaving the representation of SU(2) open, the equations of motion of this lagrangian turn out to be
identical to the equations found by Hurley from a first oder theory defined with (12s+2) components

Equations of Motion

The classical equations of motion for the cases zero, half and spin one are obtained from the Lagrangian by
simply picking the respective representations of the Lorentz group.
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Quantization

The equation of motion for the free field in the arbitrary spin case, Is the Klein Gordon equation. Thus, one
may perform plane wave expansion including creation-destruction modes. An arbitrary spin field may be
written as:

Spin Zero

The representation of SU(2) for this spin is identically zero, so the Lagrangian acquires the form:
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Now one performes the usual canontical quantization procedure...

Note that W field is now a two component vector. Both components fulfill the Klein Gordon equation
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Spin One Half

For spin half one picks the Pauli matrices as two
dimensional representation of the Lorentz group. The y/
resulting Lagrangian and its equations of motion were first IP

studied by Laurie Brown [3]. It Is based on two bispinors

W In the chiral representation of the Lorentz group. Q

Perform many consistency checks: _
+ Feynman rules All fields have to obey

+ Causality of the propagator anti-commutation relations
+ Positive Hamiltonian :

+ Creation & annihilation condition integer Spin = gh()sts

The spinor Y Is a Left handed bispinor, and Q is a Right handed bispinor. For this case the Lagrangian for
arbitrary spin acquires the form

+ Charge conservation

Conclusions

L =(DQ) (D'y)-ied h“"Fuv“Tayf—mZQ W+ he
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Where the following definitions have been made:
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A novel and simple approach for an arbitrary spin Lagrangian was studied. On the level of
equations of motion this Lagrangian turns out to reproduce the Klein Gordon equation (s=0) the
Dirac equation (s=1/2), the Proca equation (s=1), and the Hurley equations (s=arbitrary).
By performing field quantization in this framework we proof that thishigh level of simplicity has
the price that all fields (including integer spin) have to obey Fermi statistics.
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