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We investigate the effect of a small gauge-invariant mass of the gluon, on the anomalous chro-
momagnetic moment (ACM) of quarks, by perturbative calculations at one loop level. The gluon
is taken to acquire its mass through a topological mass generation mechanism, via an interaction
with an antisymmetric tensor field B;;y. For a gluon mass between 0 and 10 MeV, we calculate the
ACM at momentum transfer ¢> = —M%. These are compared with the ACM when the gluon mass
arises from a Proca term. We find that the ACM of up, down, strange, and charm vary signifi-
cantly with gluon mass, while the ACM of top and bottom quarks show negligible variation. The
mechanism of gluon mass generation is most important for the strange quark, but not so much for

the other quarks.
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1. Introduction

The mass of the gluon is theoretically taken to be zero in QCD, the theory of strong inter-
actions. Experimentally however, the mass of the gluon is yet to be determined with sufficient
precision. Previous analyses regarding this quantity provide a large range of values, starting from
O(1) MeV to a few hundred MeV, for a possible gluon mass [1, 2, 3, 4, 5, 6]. A more stringent
bound on gluon mass may become available from precision experiments in QCD in the near future,
as the Linear Hadron Collider reaches new peaks of luminosity and energy, providing us with a new
arena of precision QCD. The mass of the gluon cannot come from a Higgs mechanism however,
since color symmetry is known to be unbroken. There are some mechanisms which can produce
a mass for a gauge boson without symmetry breaking [1, 7]. The topological mass generation
mechanism [8, 9, 10] is one of them.

Precision experiments in QCD will also be able to investigate the Anomalous Chromomagnetic
Moment (ACM) of quarks. This quantity has received negligible attention from the community so
far, as there has been only one experimental analysis of the top quark ACM based on the LHC
data [11]. At low energies, the ACM is defined only in non-perturbative QCD, but it is possible
to calculate it perturbatively at high energies, where the QCD coupling is small. In this paper, we
present perturbative calculation of the anomalous chromomagnetic moment of quarks, and because
it would be subject to precision measurements, we also assume a small, topologically generated,
gauge-invariant mass for the gluon.

We work with the Lagrangian

1 1 M
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where Fj, is the field strength tensor of the gluon field GH, H A = =J,B p /1] —gf Gl[’#B; Al

the field strength tensor of the antisymmetric tensor field B, M is the gluon mass, m is the quark
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mass, and
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is the effective current including quantum corrections, with 7¢ the generators of SU(3). The co-
efficient F»(g?) is said to be the anomalous chromomagnetic moment (ACM) of the quark at the
momentum transfer ¢, this is what we will calculate at one loop in perturbation theory. This La-
grangian is invariant under the local SU (3) gauge transformations

1l -1
G, — UGLU —g(?“UU , (1.3)
B, — UB,U". (1.4)
In order to get the propagators, we add two ‘gauge fixing terms’ to the Lagrangian. These are
1
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where & and 7 are the gauge fixing parameters for the gluon and the antisymmetric tensor field
By, respectively. The propagators can now be calculated,
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The BF interaction term contains a two-point vertex, which corresponds to an off-diagonal
mixing term between the gluon and the B fields. Inserting the B propagator via the 2-point vertex
as in Fig. 1, we find the ’effective’ bare propagator of the gluon field,

k> —M?+ie k*

(1.8)
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The ky ky terms do not contribute to the ACM at one loop, since the gluon couples to a conserved
charged current at least at one end. The ACM of quarks receives contributions from both strong and

OO T OO > SO0 T 0~ > SO0 > S0 T
Figure 1: Bare gluon propagator by summing over all possible insertions of the B propagator

weak processes at one loop order. The diagrams corresponding to strong and weak contributions
are shown in Fig. 2. There are additional diagrams due to the three point vertices coming from
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Figure 2: Contributions to the ACM of a quark: strong: (a) QED-like diagram; (b) purely non-Abelian
contribution; electroweak: (c) gauge boson exchange; (d) Higgs boson exchange.

(d)

the topological mass mechanism. These new diagrams are shown in Fig. 3. Since the B-field does
not couple to quarks directly, these diagrams can be thought of as a correction to the diagram in
Fig. 2(b).

2. Calculations

The contribution to the ACM of quarks from the diagrams in Fig. 3 can be calculated to be

™ 2 o MPa P e G386 +8)
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Similarly, the strong contributions to the ACM of quarks are calculated from the diagrams in
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Figure 3: Topological contribution to the ACM of a quark.

Fig. 2(a) and Fig. 2(b) to be
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We need to add these contributions to ACM together with weak contributions coming from the
diagrams in Fig. 2(d). The weak contributions to the dimensionless quantity 4mF>(q*> = —Mf)
are shown in Table 1 for each quark. In this table, a zero indicates that the corresponding entry
is smaller by at least a factor of 10~ than the largest number in the same row. Adding all the
contributions, we plot the total value of 4mF>(q> = —Mzz) against gluon mass between O to 10
MeV. For each quark, this is shown as a solid line in each of the plots in Fig. 4. For comparison,
we plot the same quantity for each quark when the gluon mass is taken to come from a Proca
term, as was calculated in [13]. These are represented as dotted lines in the plots in Fig. 4. In our
calculations the numerical values for the physical parameters are taken from [14].
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Quark Z A w H Total

u 1.29x 10712 29.79x 10712 —4.41x 10712 0 26.67 x 10712
550x 10712 30.18x 10712 —4.41x 10712 0 31.27 x 10712

c 398x 1077 3691x1077 —0.48x 107’ 0 40.41 x 1077

s 022x107% 082x10®% —482x108 0 —3.78x 1078

t 25.66x 107% 1057 x107* —2.87x107% 14991x10"* 183.27x107*

b 416x 107  7.14x10% —98.72x10°° 0.03x10°® —87.39x10°°

Table 1: Electroweak contribution to 4mF»(q* = —M3) of each quark
1.x10710

" 3.2x1071°
9.9x10°

9.8x107"
9.7x107"
9.6x107"
9.5x10""
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-6
7.17x10 0.020

-0.000080578

7.16x10°°
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Figure 4: 4mF, of quarks at ¢> = —M% ; continuous lines represent dependence on topologically generated

gluon mass; dotted lines represent dependence on gluon mass coming from a Proca term.

3. Results and Discussions

The ACM of quarks were calculated in [13] considering a small Proca mass for the gluon. The
calculations there are relevant for the Curci-Ferrari model [7] or the dynamical mass generation
mechanism [1, 2] for the gluon. In this talk, we have discussed the effect of a small, topologically
generated gluon mass on quark ACM at ¢*> = —MZZ. It turns out that the gluon mass dependence
of the ACM is most prominent for the light quarks, and not so much for the heavy quarks. For
the s quark, the mechanism is also important — as the gluon mass is increased from 0 to 10 MeV,
the dimensionless quantity 4mF, varies by more than 70% when the gluon mass is topologically
generated, while for a Proca mass this variation is about 42%. For other quarks, any effect that the
gluon mass has on the ACM is nearly independent of the mass mechanism, at least for the small
gluon mass that we have considered.

Therefore, we can conclude that the ACM of the light quarks have significant, and possibly
observable, dependence on gluon mass, irrespective of how the mass is generated. As higher
energies and luminosities become accessible to the LHC, precision measurements of the ACM
of quarks should become possible. While a measurement of the top quark ACM is unlikely to
constrain the gluon mass, data for other quarks will be able to put bounds on the mass of the gluon.
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