RADIATION-INDUCED FERMION RESONANCE
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The Dirac equation is solved for two novel terins which describe the
mteraction energy between the half integral spin of a fermion and
the classical, cireularly polarized, clectromagnetic field. A simple
experinient 1s suggested to test the new terms aud the existence of
racdiation-induced fermion resonance.
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Recently, Warren ef al. [1.2] have made the first attempt to dereet
radiation-induced fermion resonance due to nradiation by a cireu-
larly polarized electromaguetic field [3-6]. In this Letter the Dirac
equation is solved for one formion in a classical electromaguetic field.
Two new terms are inferred which show tlie theoretical existenve of
radiation-induced fermion resonance. and the experimental condi-
tions under whicli this plenowenon can be detected are defined for
an electron beam. The demonstration 1z based on the standard Divac
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describing a fermion (e.z. 2n electron) of mass i and charee e nter-
acting with a classical electromagnetic field. with vector potential

A, = (l A). (

through the eigenvalue equatinn,,/’(

®

H¢ = Eo. (3)
Here a and 3 are the nsual Dirac matrices and ¢ the four-component
Dirac spinor. The rest energy of the fermion is mee® and its three
momentum is p, as usual. :

In the usnal non-relativistic approximationgthe caleulation
proceeds by setting up Eq. (3} for the proper dounnant wavefunction
(/N

H’(.‘i = Lo, (4)
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Writing the 4-component Dirac spinor
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where ¢4 aud vy are respectively the large and small corponent
satistying the condition (at second order in v/,

‘ . . , 9 -
FR +H‘,'i' ‘) 11 ~ l 14 - el o~ 1 (6)
wica tegen ) die = [ oL+ o Joadie = 1 (0)

(here m = p — ¢/cA )f the dominant two-coniponent wavefunction o
in the non relativistic limit is given by {again at second order in ¢/¢)
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With standard methods of solution. we find that the Hamiltonian in
Eq. (4) is made up of six termsgfas tollows:
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Here B =V ox A is the magnetic ficld, and € := E + (1/c){0A /01,
where E = =V V' — (1/¢)(0A/0t) is the electric field,

These terms can he interpreted as follows: (H1) 1s the well-
known Schrodinger-Pauli-Hamiltonian: (H2) 1s the relativistic cor-
rection to the kinetic energy; (H3) is the Darwin term; (H4) gives
the spin-orhit coupling term. These four terms are well known cor-
rections to order (v/¢)? of the Schirédinger equation (in the non rel-
arivistic limit). Terms (HH) and (H6) arc novel. and represent the
coupling between the lalf 1utegral fermion spin and the circularly
polarized classical electromagnetic field. They give rise to radiation
mduced fernion resonance, and we will focus on thent,

In S.I. units, terms (H3) and (H6) both give rise to the inter-
action cigenenergy

b
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where I is the bean power density (W™= ) and w its aneular fre-
queney. Here jig 18 the vacuum permeability. In deriving Eq. (6)fir
Lias been assumed that E and A are plane waves i vacuumn and thfae
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where B iy the scalar amplitude of B = 57 x A. The vesonance
frequency from Eq. (8) 1s caleulated from spinor stares as usual ane
is
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for the electro. ‘

For example, if I is 100 watts per square centimeter (10" H 7~
and w 1s tuned to 1.2815 MHz, w,.s oceurs at the sawe frequency.
This means that the resonance ahsorption can be detected as a de-
crease in the r.f. output applied to an clectron heam. This simple
experiient tests the existence of terms (H3)and (HG) provided thac
the r.f. output is accurately circularly polarized. There is no effect
expected 1n linear polarization.

The clear importance of a positive result to this experiment
would be that site specific shifrs [1 2| of casily a megahertz or more
could be induced by iiradiation i an ESR spectrun, giving a uew
analvtical tec 1]111q11t' The prediction in Eq. (8] can Te tested to

probably one part i 10" if the resonance fle(uem\ cats be resolved
to a hertz or less. This gives a very severe test in fundaniental physics
of the semi-classical Dirac equation, and also of its preswmably mmore
accurate counterparts in quantum electrodynamics ancd unified field
theory, 2E. Similarly. site specitic shifts in the range of perhaps one
to & thousand Hertz can be induced in an NMR spectrum [1.2] by
pulsing with circularly polarized r.f. radiation. An NXMR spectrom-
eter has sub-hertzan resolution, so these site specific shifts should.
in theory. lead to a new analvtical technique as was the purpose of
Refs. [1] and [2].

In derivine the result (7), we have used the proportionality of
A x A” to the conjugate product. B x B* of magnetic flux densities
1 vacuo., For transverse plane waves, this is easily demonstrated
through the relation B = ¥V x A. Both A x A" and B » B” are well
known to he proportion al to the fundamental magnetic flux den-
sity B 5] of O(3) S("(") electrodynaimics, Therefore radiation
induced fermion IPH()lldll('P is due to the interaction of electron spin

with the B field.
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