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Abstract.

The behaviour of the helicity of an initially left-handed beam of massive fermions first
interacting with a Coulomb field and then with a charged scalar particle via a photon
exchange is analysed. It is found that in both cases the massive fermions have their helicity
flipped, while massless fermions seeem to be unaffected by the electromagnetic field as far

as their helicity is concerned.

Currently there is no doubt that quantum electrodynamics is the hest theory we have.
In addition to being important on its own right. it is also the prototype for quantum chro-
modynamics. Moreover, it predicted - to name only one of its successes - the anomolous
maguetic moment of the electron correctly to six decimal places.

Quantum electrodynamics is the theory which describes how point-like charged particles
(usually with spin 1/2) interact with the electromagnetic field. As such, it is the foundation
of the subject of atomic physics and of fundamental importance to condensed matter, nu-
clear, and particle physics. Accordingly, it would be interesting to analyse the behaviour of
the helicity of a polarized beam of massive spin - 1/2 Dirac particles in the electromagnetic
field, an important issue by its own which as far as we know has only been carrvied out for
electrons scattered from a fixed Coulomb Potential.

To begin with we work out a version of the usual Coulomb scattering problem. Consider
for this purpose the scattering of a negative charged fermion with mass my: by the Coulomb
field of a heavy nucleus, treated as a point charge. In the Coulomb gange, the potential is

given by
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with the momentum space potential
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Here the charge of the electron is —¢ < 0.

The Lagrange function of the system is
L=y(ud —mp))+ (—:1}')41?”}1/'

The corresponding fermion-external-field vertex is shown in Fig. 1.
Suppose then that in the initial state we have a beam of fermions with momentum
p = (E,p) in the spin state u(p,S.(p)). In the other words, the incident fermions are

left-handed (). The spinors u and i are such thatl'=
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vhereupon the polarization vectors are given by!!
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IR mg
vhere R stands for right-handed fermions and p = Ifz%'
The polarization of the scattered fermions is measured by
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NL + Np

vhere NL(Ng) denotes the number of fermions emerging with negative(positive) helicity.
Note that P = 1 indicates no deporalization of the initial fermions, while P = —1 says that
Il the left-handed initial fermions have their helicity flipped.

For the process in hand,

N = [ (7, Sa(")) A, (B) w5, S1.(7)[
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vhere p' is the momentum of the emerging fermion.

Some more algebra and we arrive at the following expressions for Ng and Ny :
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where A= A (k) and A2 = A A

Therefore, the polarization of the scaltered fermions is given by:
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where 6 denotes the scattering angle.

In Fig. 2 it is shown the behavior of /> as a function of both 8 and me, for fixed [ As
may be seen, the larger the scattering angle, the farger the helicity flip. Fig. 2 tells us also
that P — 1 as mp — 0, as it was expected.

Consider now the reaction
R I A A

where F'~ denotes a negative charged fermion and S* stands for a positive charged scalar
particle (see Fig. 3).

The corresponding lagrangian in the Lorentz gange is given by
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where mg and mng are the masses of the fermion and scalar particle, respectively. The
pertinent Feynman rules for the process shown in Fig. 3 are displayed in I'ig. 4

Suppose then that in the initial state we have a scalar particle with momentum g and a
left-handed fermion with momentum p = (I, ).

For the aforementioned process,

Nie = [ (57, Su(@) Vi w5, Sulm) Das(k) Vi (a,q )(



and
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whereupon
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is the photon propagator in momentum space, where p'(q’) is the momentum of the emerging
fermion (scalar particle).

Using much algebra we arrive at the following expressions for N and Ny
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where @ = ¢'+qand s = (p+q)% ¢t = (p—p')% and u = (p — ¢')? are the usual Mandelstam
variables
Next, we evaluate the polarization P in the scalar particle rest system [q" = (mg,ﬁ)] (see
Fig. 5).

In this frame
2 2
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u=2mi+mi)—s—t,

whereupon
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where E( ') is the initial(final) energy of the fermion.

The final expression for I is then given by
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In Fig. 6 it is displayed ” as a function of both ¢ and mp, for fixed E and mg. As can be
easily seen the result is the same as in (1), namely, the larger the scattering angle, the larger
the helicity flip. P — | as mg — 0, as well.

In summary, we have shown that al the tree level all the massive spin - /2 Dirac
particles have their helicity flipped on account of their interaction with the clectromagnetic
field. Massless fermions, in turn, seci to be unaffected by the electromagnetic field as long

as their helicity is concerned.
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FIGURES CAPTIONS

Fig. 1. The fermion-external-field vertex. Here k = ' — 5 and |p] = |5".

Fig. 2. P as a function of both 6 and mp, for E = 100MeV.

Fig. 3. Lowest order contribution to the reaction F'~S* — F~S* (F~ and S* are defined
as particles).

Fig. 4. The relevant Feynman rules for fermion-scalar-field interaction.

Fig. 5. The definition of the F'~ scattering angle in F'~S™ scattering.

Fig. 6. P as function of both § and mg, for E = 100MeV and ms = 110MeV.
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