Gluon Confinement in Yang-Mills M agnetic M onopoles

This brief two-page paper points out a symmetryprty of Yang-Mills magnetic
monopoles whiclmakes them plausible baryon candidates. We udanigeage of differential forms
to do so, and will assume the reader has suffi¢@ntliarity with differential forms so that no trial
explanations are required.

In an Abelian (commuting field) gauge theory suslQD, the field strength tenseiis
specified in relation to the vector potential gafigkl (e.g., photonf according toF = dA. The
magnetic monopole source dendys then specified classically (for high-actionccimstances

S(¢) :J'd4x£(¢) >>1i where the Euler Lagrange equation may be apptigd? = dF = ddA=0.
This makes use of the geometric law that the exttelerivative of an exterior derivative is zere, .
dd =0. Inintegral form, this becomeHjP = ” dF = ” ddG = ﬁ F= ﬁdA: 0. All of the

foregoing is what tells us that there are no magmatnopoles in an Abelian gauge theory such as QED
This absence of magnetic monopole charges hasvibdehorne out experimentally in the 140 or so
years since as James Clerk Maxwell published hi8 ASTreatise on Electricity and Magnetism.

In a non-Abelian (non-commuting field) Yang-Millagge theory such as (but not limited to)
QCD, the fundamental difference is that the figtérsgth tensoF is now specified in relation to the

vector potential gauge fiel (e.g., gluon in QCD) according # = dG —iG?. In this relationship,
G*’= [G”,G“]dxudxv expresses the non-commuting nature of the gaetgsfi Therefore, although

ddG =0 as always because of the exterior geometry, tHsidal (high-action) magnetic monopole
density become® =dF = d(dG - iGZ) = —idG?, which is non-zero. In integral form, using Gauss
law, this becomes:

[[[P=[[[oF =[[[dldc -ic?)=-i[[[dc? = {fF = ffdc-iffc? =-iffc?, (1)

and from the last two terms in the above, we mag dkrive the companion equation:
ffdc=o. 2

Of course, (2), albeit with the different field nenis just the relationshiﬁ dA =0 which tells us that

there are non-magnetic monopoles in Abelian galugery. But in light of (1), which provides us wih
non-zero magnetic monopoﬁJ.P = —iﬁG2 # 0, what can we learn from (2), which is the YangiMil

analogue to the Abelian “no magnetic monopole”trefeship :{:'fdA= 0?

If we perform a local transformatiof — F'=F —dG on the field strengtk, which in terms
of the field density tensor is written & - F*'= F* —9"G*, then in integral form we find from
(1), as a direct and immediate result of the Alpeli@o monopole” relationshi;ﬁdG =0 in (2), that:

[[[P=fF - fFr =f(F -de)=fF. ©)



This means that the flow of the field stren#‘uF = —iﬁG2 across a two dimensional surface is

invariant under the local gauge-like transformatfoff — F*/'=F* -9"G*'. Now, we know that

the invariance of the QED Lagrangian under thelaimiansformationA” - A“'= A¥ +90*/A\ means
that the gauge parametér is not a physical observable. Similarly, the mamace of the gravitational

Lagrangian undeg”’ — g*’'= g** +0"“/A"" means that the gauge vectf is not a physical
observable (and we kno’ is in fact connected merely with a coordinate tfamsation
X o X =x" =N(X")). Inthis case, the invariancej')fF under the transformation

FA“ L F*'=F# -9"G* similarly tells us that the gauge fie@* is not an observable over the
surface through which the fielﬁf F= —ijr:fG2 is flowing. ButG* is simply the gauge field, which in

QED, is the gluon field. So, simply put: the YaWdls gauge fieldsG" (including gluons in SU(3)) are
not observables across any closed surface surmmyadinagnetic monopole dendy Whatever goes on

inside the volume represented I)MP , the gauge fields remain confined.

Taking this a step further, we see that the osigihthis gauge field confinement in fact lie irth
140-year old mystery as to why there are no magmatinopoles in Abelian gauge theory. In differainti

forms language, the statement of thigldG = 0. In integral form, this becomeﬁdG =0, equation
(2). And, it is precisely this same “zero” Whicéndersﬁ F - ﬁ F'= ﬁ F invariant under

FY L F*'=F* -9"G* in (3). So the physical observation that thegersr magnetic monopoles in
Abelian gauge theory becomes translated into a stnyraondition in non-Abelian gauge theory that
gauge boson flow is not an observable over theasardf a magnetic charge. Again: In Abelian gauge
theory there are no magnetic monopoles. In norliabé¢heory, this Abelian absence of magnetic
monopoles translates into there being no flow efggabosons (e.g., gluons) across any closed surface
surrounding a Yang-Mills magnetic monopole. Conseqly,the absence of Abelian magnetic

monopoles is fundamentally, organically equivalent to the absence of gluon flux, hence color, across
surfaces surrounding non-Abelian chromo-magnetic monopoles. And, because this is turn originates in
dd =0, we see that this confinement is geometrically daéed. This makes Yang-Mills magnetic
monopoles plausible baryon candidates. The vangsaero” which in Abelian gauge theory says that
there are no magnetic monopoles, in non-Abeliamggadheory says that there is no observable flux of
Yang-Mills gauge fields across a closed surfaceosunding a Yang-Mills magnetic monopole.

We do not find a free gluon (or other gauge fiétdyYang-Mills gauge theory any more than we
find an Abelian magnetic monopole in electrodynamnifor identical geometric reasons.



