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The Gyromagnetic Factor of Elementary Particles

1. Introduction

The spin can be responsible for some important effects. An interestiagiesed from some
aspects due to the spin, called spintronic, is showing the important role pigydte spin of
charged particleq][1]. As accelerators get improved, we became ableesiigate more and more
properties of elementary particles. So, a natural question is the influénbe spin in electro-
magnetic interaction of this kind of particles, especcialy for the neutral. oketsially, magnetic
properties of neutral particles have been reasonably studied in the literspecially for neutrinos
in the context of Salam-Weinberg-Glashow thedty [2] [3] [4] [5].

We know that, classicaly, a particle of magsand chargeQ moving with velocity V' in a
closed loop is equivalent to a magnetic dipole of momgntwich is proportional to the angular
moment L, being the proportionality factor equal 5% Extending the definition off, we can
write

o= 9om b (1.1)

whereg is thegyromagnetic factor The introduction of the spié—for the electron represented a
conflic between the classical resuli£ 1) and the real valug = 2 for this elementary particle.
This was explained by the Dirac’s theory of electron. For some decadsed on the fact that
the natural coupling for the interaction between elementary particles is the micwongling - i.e.
the replacement of the ordinary derivative by the gauge covariant phegsicists believed in the
general result

g:gv

wheres is the spin of the particle, for charged truly-elementary partidles[[6][[VIfB This was
another goal of Dirac’s theory. Unfortunatelly, when applied for thetasebosonsV - the only
known charged spin-1 trully-elementary particle up to now - it got fail, sgnee2 at tree level for
these bosons. Interestingly, making use of general properties & Khatrix, Weinberg [10] had
shown in the begining of the seventies that 2, for massive charged elementary particles with
arbitrary spin. About two decades after, Ferrara, Porrati and dejgdj] obtained the same result
by using non-minimal electromagnetic coupling in the Lagrangian.

Assuming the importance of non-minimal coupling in explaining the correctrysigmetic
factor for charged particles, we propose, in this work, an extensidheoglectromagnetic inter-
action to neutral particles. Our main objective is analyse, in the quantum nieshavel, how
elementar particle of spin-1 or -2 can acquire a magnetic moment, even théegaeting neutral,
by using non-minimal coupling. The procedure adopted is, starting frggroppate relativistic
wave eguations for each case, we study the nonrelativistic regime, ingbenme of a non-minimal
coupling.

2. Massive Vector Boson

We begin our discussion by the vector bosuvis. As said before, the only known massive
charged particle with spin-1, up to now. This case had been alreadydindie literature, repre-
senting, therefore, a good test of the mechanism adopted through allatkis @ur starting point
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is the Lagrangian density

1
L = = SW WHY + mPWWH -+ 1eF, WHWY, (2.1)
whereW,, = D,W, — DyW,;, D, = dy, +1eA, andW*H is the charge conjugate @W. Note the
non-minimal term in the equation above. It is easy to show that consideritigpjasnal coupling
results in the wrongy for these bosons. The variation with respecW¢ produces the field
equation

D WHY + mPWY 4 1eFYFW), = 0. (2.2)
From this relation, we obtain for the component&\éf, in the nonrelativistic limit E = m):
e
wo—P wW_°R.W (2.3)
m m
and 1 )
Enil = 5 (P —eR ) W — ;- BW, (2.4)

whereEnr is the nonrelativistic energy of the particle and
e
"= n*,]g)ijv (2.5)

the magnetic moment of the particle, wi(@)ij = —1&qj being the spin matrix. From the first
equation one can see that the time component is proportional to the spatiabreemhpwith a
very small proportionality factor~ ¥) in the low energy limit. The Pauli-type equation for the
propagating component of the field reveals the importance of non-minimpliegun producing
the correct valug = 2 for the boson¥V.

Now we can study the case of neutral vector bosons. Our proposal is

A
d,lz“VerszjLEF"A (Zer)VHZ, =0, (2.6)

that represents the addition of a non-minimal term taking into account thefdpia particle in the
Proca description of the field#. TheZ,,’s stand for the generators of the Lorentz group in the
vector representation. So, the termlins describing the coupling between the spin of the neutral
vector boson to the external electromagnetic field. Taking the matrix elemeiis, cis given
below,
(Zin)VH :6,{5/{‘—6#6,{’, (2.7)

the field equation becames

Ay ZH +nPz¥ +AFYHZ, =0. (2.8)

As in the case ofWH, it is easy to show that the time componentZif is of order(%) of its
spatial component. So, performing the nonrelativistic approximation on tldesfigiation for the
propagating component, results

2 Az B
ENRZi:%ZH—% ij- BZ =0, (2.9)
where(Sk)ij = —&qj. A direct check reveals that has charge dimension. It indicates tigat

1. This interesting result is showing that the bogran have a eletromagnetic interaction due
exclusively to its spin, assuming that non-minimal coupling is allowed.
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3. Massive Spin-2 Field

The expectation of massive graviton production at LHC and their decdigsving a pattern
of jets sets out a very interesting perspective in conection with the Branie ¥éenario[[12][[13]
[L4] . In this context, a good point may be the analysis of the possible plysaiton coupling,
in order to obtain enough information about the intrinsic properties of thétgrs, such as a
possible magnetic moment due only to their spin. Recently, Porrati and Ralawampioposed a
mechanism for studying these possible interactioh [15]; these authdrthieezharged spin-2 case,
since they are basically interested in consistency aspects of higher sgigation. Here we will
do the same analysis performed in the previous section. Like we did for theahbosonzZ, we
propose a photon-graviton interaction by the addition of a non-minimal terne iRdhli-Fierz field
equation that describe a massive neutral spin-2 particle:

1

A A
+5F N (Za)fhay + 5F (Za) i hay =0, (3.1)

where
(zK)\>[.? = NkpOy — Mo (3.2)

Again the terms im account for the coupling between the spin of the particle and the external
electromagnetic field.

After some algebraic steps, one can show that the only propagating cenipstthe purely
spatial and traceless; = hj;, holding, in this way, the spin-2 propagation (five independent com-
ponents). In the nonrelativistic approximation, the equation for this padpagcomponent reads:

2
Ao
Enrhij = fm hij + m B - <§ikhjk+§jkhik) , (3.3)

with (S)ik = —&ik-

As in theZH case, here the coupling constantalso has charge dimension, wich indicates,
again, the resulyy = 1 in the low energy level. This magnetic interaction arised only due to the
graviton spin, since the field"V is a neutral field. In order to compare, we shall do the same
procedure for the massive charged spin-2 particle. Our starting pdire lsagrangian density

1

D, h*D*h—m?(hy, h#Y — h*h)] + 1eFHVh (3.4)

We said in theV* case that the consideration of a minimal coupling alone results in the wrong
value for the gyromagnetic factor of this particle. Here, only the minimal pigggmn for the
interaction between the field and the charged spin-2 particle is not enoygbdoce a magnetic
moment term. That is the reason we start considering the non-miréﬁféﬂhpph’:, term, that[15]

calls a dipole term. A variation with respecthtf¥ produces

~ 1
Dh[JV - DHDahav - DvDahalJ + E(D“DV + DleJ)h"_

1

4
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with [J = DDy Again one can show that the propagating component is the purely spalial an
tracelesdyj = h;i, for wich the Pauli-type equation in the nonrelativistic limit reads:

1 —\ 2 Kk K\ ©
Enrhij Z%(?—6A> hij+(ﬁikhj + T jhy ) B, (3.6)
with the magnetic dipole moment identified by
e
T = ﬁg”' (3.7)

Note the importance of the non-minimal term in this case. It generates a magteiaction with
the correct gyromagnetic factay= 2, as expected for these classes of particles.

4. Conclusion

In this contribution, our efforts have been to point out the importance ofmimimal elec-
tromagnetic coupling. This kind of interaction is consistent with the propagafitime spin con-
sidered in any case, produces the correct gyromagnetic factor &ogexdh massive particles and
opens up a possibility of extending the electromagnetic interaction for neatriatles, since we
observed a magnetic moment generation due only to the spin of the particldutseawork, we
shall investigate ify = 1 is a fundamental result for neutral elementary particles with any spin, in
contrast to the resuli = 2 for charged patrticles. Another subject we are interested in is the case
of a massive graviton in scenarios with Lorentz-Symmetry breaking [[8] Buch an activity has
been pushed forward in conection with efective theories derived 8tiimgs. It would be interest-
ing to compute the contribution from the Lorentz-Symmetry breaking backgrtuthe magnetic
moment of neutral spin-2 particles.
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