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1 Introduction

The standard model (SM) of particle physics has been proven to be extremely successful

describing collider experimented data so far. Even the discovery of a Higgs-like particle [1,

2] has confirmed the validity of the SM at the Fermi scale. However, the SM suffers from

a key theoretical drawback, the so-called “hierarchy” problem, which means that it could

be a low-energy effective theory valid only up to some cut-off energy scale Λ, about TeV

scale. So new physics beyond the SM would be in an energy range accessible at the LHC

and might be discovered in coming years, although, at the moment, there is not any collider

hint of new physics at the LHC.

There are various new physics models extending the gauge group of the strong in-

teraction sector give rise to massive color-octet vector boson, for example, the topcolor

models [3–6] and chiral color models [7–12]. Other examples include the extra dimensional

models [13] and technicolor [14, 15], which predict the existence of the Kaluza-Klein (KK)

gluons and technirhos, respectively. Among these color-octet vector bosons, the new par-

icles with axial-vector couplings to the SM quarks are called “axigluons”, which might

explain the anomalous forward-backward asymmetry (FBA) in the tt production observed

at the Tevatron [16–18]. So far, there has been a significant amount of works to explain

the tt FBA via axigluons, for example see [19–40]. Furthermore, the light axigluon A with

a mass MA in the range from 100GeV to 400GeV can explain the tt FBA and satisfy the

constraints from the ATLAS and CMS data [41–50], as long as its decay width is large

and its couplings to the SM quarks are relatively small [33–39].

Top quark physics is expected to be a window to any new physics beyond the elec-

troweak scale. At LHC energies, top quark is copiously produced both in pair and single

productions, which allows for an unprecedented precision in the study of top observables,

such as its couplings and rare decays [51–53]. At hadron colliders, single top quark produc-

tion is an important process in probing the mechanism of electroweak symmetry breaking
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(EWSB), providing informations complementary to those that can be obtained from top

pair production [54–56]. Single top production is also very sensitive to new physics effects,

whose strength can be assessed by precise measurement of the production cross section.

Single top production at hadron colliders has been observed in three channels: s-

channel, t-channel [57–66] and tW associated production channel [67, 68], which accord

with the SM predictions within experimental uncertainties. ATLAS and CMS collabo-

rations have started searching for the new physics effects on single top production.

Inspired by the solution of the light axigluon to the tt FBA, some axigluon-mediated

phenomena are studied in this paper. We consider the contributions of the light axigluon

with flavor changing (FC) couplings to the SM and new quarks to the FC decays Z →
bs(bs), the s- and t-channel single top productions, and rare top decays t → cγ and cg in

the context of the light axigluon model proposed by Tavares and Schmaltz [36, 37]. The

constraints on this new physics model from the electroweak precision observables and the

relevant data given by hadron colliders are taken into account in our numerical calculations.

The rest of this paper is organized as follows: After reviewing the basic ingredients of

the light axigluon model, in section 2, we calculate the contributions of the light axigluon

to the FC decays Z → bs and bs. Corrections of the light axigluon to the cross sections

of the s- and t-channel single top productions at the LHC are studied in section 3. The

branching ratios of the rare top decays t → cγ and cg induced by light axigluon exchange

are given in section 4. Section 5 is devoted to simple summary.

2 Light axigluon and the FC decays Z → bs and bs

The light axigluon model [36, 37] is based on the gauge groupG = SU(3)1×SU(3)2×SU(2)×
U(1)Y , where SU(2)×U(1)Y is the conventional electroweak group and the extended gauge

group SU(3)1 × SU(3)2 is spontaneously broken to the QCD gauge group SU(3)C by the

vacuum expectation value (V EV ) of a bifundamental scalar φ. This breaking pattern

yields two mass eigenstates of color-octet gauge bosons. One is massless particle, which

can be identified with the SM gluon, and the other is massive particle, which is called

the light axigluon A. For its couplings to the SM quarks, there are the vector coupling

gV ≈ 0 and the axial-vector coupling gA 6= 0 in the case of assuming approximately parity

symmetry. In order to cancel the gauge anomaly, the extra up- and down-type quarks are

introduced into this model, and the lepton sector is exactly same as that of the SM . To

explain the tt FBA, the axigluon A should have mass below 450GeV , while should be

broad with ΓA/MA ∼ 10 ∼ 20%, where ΓA and MA represent its total decay width and

mass, respectively.

In the original light axigluon model [36, 37], the authors assume the existence of an

exact global symmetry of the axigluon couplings, and thus the light axigluon only has flavor

universal couplings to the SM quarks. In fact, this global symmetry is only approximate

and there is mixing between new and ordinary quarks, which can induce flavor changing

neutral currents (FCNCs) at tree level [69]. The new and ordinary quarks have same

SU(2) × U(1) charge, their mixing does not give rise to the FC Z couplings at tree level.
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The new scalars can not induce FCNCs, thus the non-universal axigluon couplings are

the main source of FCNC for this model.

In this paper we will not assume the existence of an exact global symmetry of the

axigluon couplings, which allows FC couplings of the axigluons to the SM quarks. If one

assumes that these FC couplings are only axial-vector couplings, which are similar with

their flavor conserving couplings to the SM quarks, then the axial-vector couplings of the

light axigluon to the SM quarks can be general given by the Lagrangian

L ⊃ gs[uiγµγ5(g
ui

A δij + εiju )ujA
µ + diγµγ5((g

di
A δij + εijd )djA

µ], (2.1)

where Aµ is the light axigluon, gs is the QCD coupling constant, ui and di are the SM

up- and down-type quarks, respectively. In above equation, we have neglected the color

and spinor indices. gui

A and gdiA are the flavor independent coupling constants and there are

gui

A = gdiA = gqA [36, 37]. The FC coupling constants εiju and εijd , which arise from flavor

symmetry breaking of new and light quarks, are given by the matrices

εu =







0 guc gut

(guc)∗ 0 gct

(gut)∗ (gct)∗ 0






, εd =







0 gds gdb

(gds)∗ 0 gbs

(gdb)∗ (gbs)∗ 0






. (2.2)

The couplings of the axigluon to a pair of ordinary quarks and to the corresponding

partners have opposite sign. So, in order to get suppressed couplings of the ordinary quarks

to the axigluon, the extra quarks and the SM quarks should have mixing [36, 37, 39, 70, 71].

The mixing can be obtained by adding a Yukawa coupling involving a scalar field φ in

addition to the quark field of Q′ with Q. After the spontaneous breakdown of SU(3)1 ×
SU(3)2 → SU(3)C induced by the V EV for φ, the new quarks from the line combinations

of Q′ and Q get masses, while their orthogonal combinations correspond to the SM quarks

remain massless, which get masses from the SM Higgs V EV via Yukawa couplings. In the

mass eigenstates, the mixing couplings of the axigluon to ordinary and new quarks, which

are assumed to be axial-vector couplings, can be general written as

L′ ⊃ gsg
mix
A [UHiγµγ5(ε

ij
Hu)ujA

µ +DHiγµγ5(ε
ij
Hd)djA

µ]. (2.3)

UHi and DHi represent the up-type and down-type new quarks, respectively. For the

mixing coupling constant gmix
A , there is the relation (gmix

A )2 + (gqA)
2 = 1. For the two

matrices εHu and εHd, they are related through the SM CKM matrix: ε+HuεHd = VCKM ,

which is similar with the case for the mixing between the T-odd and T-even quarks in the

LHT model [72]. In this paper, we assume that both εHu and εHd are nearly equal to the

identity matrix, which provides us with a set of minimal flavor mixing scenarios. We take

as examples two simple cases:

Case I εHu = I, εHd = VCKM ,

Case II εHd = I, εHu = VCKM .

In case I, the mixing coupling gQq
A has no contributions to D0 − D0 mixing, while

contributes to B0
q − B0

q and K0 − K0 mixings. For case II, it is obvious that the mixing

coupling gQq
A can only contribute to D0 − D0 mixing. Reference [69] has obtained the
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Figure 1. One-loop Feynman diagrams for the FC decay Z → bs induced by light axigluon

exchange.

constraints on the mixing matrix εd by using the available data from neutral meson mixings,

such as B0
q −B0

q , K
0 −K0 and D0 −D0 mixings. Taking into account of these constants,

in this section, we calculate the branching ratios of the FC decays Z → bs and bs given

by axigluon exchange as shown in figure 1. The self-energy diagrams figure 1(b) and

(c) contribute a finite field renormalization and the individual diagrams are finite [73].

To fulfill the broad width of the axigluon, the first and second generation new quarks

should be degenerate and lighter than the axigluon, while the third generation new quarks

must be heavier [36, 37]. So we think that the contributions of the third generation new

quarks to the FC decays Z → bs(bs) decouple and only consider the contributions of

the first and second generation new quarks. In our numerical estimation, we will take

MDH1
= MDH2

= MH = 0.2MA. In this case, one can safely neglect the phase space

suppression effect for the axigluon decaying to one new quark and one ordinary quark and

there should be ΓA/MA ∼ 10 ∼ 20%.

The light axigluon model predicts the existence of new scalar, which also has the mixing

couplings to new and ordinary quarks. However, it can not induce FC couplings at tree

level and thus in this paper we neglect the effects of the new scalar on the FC processes

Z → bs and bs.

The corrections of color-octet gauge boson to the Zbb coupling are firstly studied by

ref. [74] in the context of topcolor models, which contain only the leading-logarithmic con-

tributions. The full one-loop results for the corrections of the axigluon to the Zbb coupling

are given in refs. [38, 39] in the case of neglecting the bottom quark mass. Ref. [39] have

further computed the contributions from new quarks and new scalar to the Zbb coupling

and find that the two kinds of contributions have opposite sign and the effect of new scalar

is much smaller than that of new quarks. Following refs. [38, 39], we can straightforwardly

calculate the contributions of the light axigluon model to the FC couplings Zbs and Zbs.

Then, the effective Zbs coupling can be written as

gZbs
P =

αs

3π
gZbb
P [2gAbb

P gAbs
P κ(xz) + (gmix

A )2κ(xz, xh)(ε
∗13
Hdε

12
Hd + ε∗23Hdε

22
Hd)], (2.4)

where P = L and R. gZbb
P and gAbb

P represent the couplings of the gauge boson Z and

axigluon A to the bottom quark pairs, respectively. The explicit expressions of the factors

κ(xZ) and κ(xz, xh) have been given in ref. [39]. Since the couplings of the axigluon to pair

of ordinary quarks and pair of new quarks are flavor universal and the new and ordinary
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Figure 2. Variation of the branching ratio Br(Z → bs + bs) with the axigluon mass MA

for gbsA = 1.83× 10−3, εHd = VCKM and three values of the coupling parameter gqA.

quarks have same SU(2)×U(1) charge, in above equation we have added the contributions

of the ordinary quarks b and s, and taken

gZbb
L = gZDiDi

L =
e

4SWCW

(

1− 2

3
S2
W

)

, gZbb
R = gZDiDi

R = − e

4SWCW
· 2
3
S2
W , (2.5)

where i = 1 and 2, SW = sin θW and CW = cos θW , θW is the Weinberg angle. The FC

coupling gAbs
P can contribute to B0

s − B0
s mixing at tree level and its upper bound has

been obtained by ref. [69] as |gbsL | = |gbsR | = |gbsA | ≤ 1.83 × 10−3. In fact, for the case I,

the new quarks can also generate contributions to B0
s − B0

s mixing via box diagrams that

contain the light axigluon and new quark. However, the contributions from box diagrams

are suppressed with respect to axigluon tree-level contributions by a loop factor 1/(16π2)

and two additional mixing matrix elements εi3Hd and εi2Hd. Therefore they cannot compete

with the latter and are negligible. As numerical estimation, we will take gbsA = 1.83× 10−3,

gAbb
L = −gAbb

R = gqA.

In the SM , the FC decay Z → bs+bs originates from one loop diagrams with branching

ratio ∼ 3 × 10−8 [75–78]. For future linear collider (ILC), the expected sensitivity to the

branching ratios of rare Z decays can be improved from 10−5 at the LEP to 10−8 at the

Giga Z [79, 80]. The new physics effects might be detectable via Z → bs if it indeed affects

this decay. A lot of theoretical studies involving the FC decay Z → bs have been given

within some popular models beyond the SM , where its branching ratio can be significantly

enhanced [81–92].

Using the effective couplings gZbs
L and gZbs

R given by eq. (2.4), we can easily calculate

the partial width Γ(Z → bs+ bs). The numerical results for the branching ratio Br(Z →
bs + bs) = Γ(Z → bs + bs)/Γtotal are shown in figure 2, in which we have taken the

SM input parameters as: αs(mZ) = 0.118, S2
W = 0.231, Γtotal = 2.4945GeV , and MZ =

91.1875GeV [93]. If the light axigluon can explain the tt FBA and at the same time satisfy
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Figure 3. Leading order Feynman diagrams for tb and tj production contributed by the FC

couplings gtqA , in which q = u, c, q′ = d, s, b, and q′′ = d, s.

the constraints from the electroweak precision observables and the relevant data given by

hadron colliders, its mass should be in the range of 100GeV ∼ 400GeV , its total decay

width ΓA
t = (0.1 ∼ 0.2)MA and the flavor conserving coupling gqA might be in the range

of 0.3 ∼ 0.5 [33–39]. In our numerical estimation we have considered the effects of the

axigluon width and taken ΓA
t = 0.1MA. For the mixing between the SM and new quarks,

we have taken case I and assumed MH = 0.2MA. One can see from figure 2 that, in most

of the parameter space, the value of the branching ratio Br(Z → bs + bs) is smaller than

1×10−8, which is still below the SM prediction. So considering the constraints of B0
s −B0

s

mixing on the FC coupling gbsA , the contribution of the light axigluon to the rare decays

Z → bs and bs is very difficult to be detected in near future. Certainly, if we assume

εHd 6= VCKM , the numerical results should has some changes.

3 The FC couplings of the light axigluon A and single top production

at the LHC

In the SM , single top production dominantly occurs through electroweak processes, which

are customary divided into three production channels: t-channel exchange of a space-like W

boson, s-channel production and decay of a time-like W boson, and associated production

of a top quark and an on-shell W boson. These partonic processes have their own distinct

kinematics and do not interfcere with each other. Both at Tevatron and the LHC, the t-

channel process is dominant one, which in five flavor (5F ) scheme proceeds via the partonic

processes qb → q′t and qb → q′t for single top production, and qb → q′t and qb → q′ t

for single antitop production. The s-channel partonic processes are qq′ → tb and qq′ → tb

for single top and antitop productions, respectively. The contributions of charged and

neutral color-octet vector bosons to top pairs and single top production has been studied

in refs. [40, 94]. In this section we will consider the corrections of the light axigluon to the

– 6 –
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s- and t-channel single top productions via the FC couplings gtqA with q = u or c. The

relevant Feynman diagrams are shown in figure 3.

For the partonic process qb → tb as shown in figure 3 (a), the differential cross section

with respect to emerging angle of the single top quark cos θt can be written as

dσ(tb)

d cos θt
=

2πα2
sβ(g

tq
A )2(gbA)

2

9ŝ
Pt[ŝ(ŝ−m2

t ) + t̂(t̂−m2
t )]. (3.1)

The partonic process qq → tq is composed of the s- and t-channel diagrams corresponding

to figure 3 (b) and 3 (c). Its differential cross section is given by

dσ(tq)

d cos θt
=

2πα2
sβ(g

tq
A )2(gqA)

2

9ŝ
{Ps[û(û−m2

t ) + t̂(t̂−m2
t )]

−PsPt

3
(ŝ−M2

A)(t̂−M2
A)û(û−m2

t )

+Pt[ŝ(ŝ−m2
t ) + û(û−m2

t )]}. (3.2)

The differential cross section of the t+u channel partonic process qq → t+ q can be writ-

ten as

dσ(tq)

d cos θt
=

2πα2
sβ(g

tq
A )2(gqA)

2

9ŝ
{Pt[û(û−m2

t ) + ŝ(ŝ−m2
t )]

+PtPu(t̂−M2
A)(û−M2

A)ŝ(ŝ−m2
t )

+Pu[t̂(t̂−m2
t ) + ŝ(ŝ−m2

t )]}. (3.3)

The differential cross section for the s-channel partonic q′q′ → tq as shown in figure 3 (e)

is given by

dσs(tq)

d cos θt
=

2πα2
sβ(g

tq
A )2(gq

′

A )
2

9ŝ
Ps[û(û−m2

t ) + t̂(t̂−m2
t )]. (3.4)

The explicit expression of the differential cross section for the t-channel qq′′ → tq′′ is same

as that for the process qb → tb, as long as replace the initial state b quark by the quark q′′

(d or s). In above equations, β = 1− m2
t

ŝ
, ŝ, t̂, and û are the usual Mandelstam variables,

Pi =
1

(i−M2
A)

2 +M2
AΓ

2
A

with i = ŝ, t̂, or û. (3.5)

Using above equations we can calculate the cross sections of tb and tj production at the

LHC induced by the light axigluon with the FC coupling gtqA . In our numerical calculations,

we use the leading order parton distribution function of CTEQ6L1 [95] and choose the

factorization and renormalization scales to be µf = µr = mt/2 with mt = 173GeV . Our

numerical results are added tb and tb for the process pp → tb, and similar for tj production

with j = u, c, d, and s. It is obvious that the production cross sections depend on the mass

parameter MA, the coupling parameters gtqA and gqA, where we have taken gtuA = gtcA and

the flavor conserving coupling gqA being flavor universal.

In the SM , single top production at hadron colliders was first considered in ref. [96].

Now the production cross sections for the s- and t-channels have been calculated up to

– 7 –
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Figure 4. In the case of δσs/σs
SM = 10%, the FC coupling gtqA as function of the axigluon mass

MA for gqA = 0.3(solid line), 0.4(dashed line) and 0.5(dotted line).
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Figure 5. In the case of δσt/σt
SM = 10%, the FC coupling gtqA as function of the axigluon mass

MA for gqA = 0.3(solid line), 0.4(dashed line) and 0.5(dotted line).

next-to-next-to leading logarithm (NNLL) accuracy [97–102]: σs = 1.04 ± 4% pb and

σt = 2.26 ± 5% pb at Tevatron with the centre-of-mass (c.m.) energy
√
s = 1.96TeV and

σs = 12 ± 6% pb and σt = 243 ± 4% pb at the LHC with
√
s = 14TeV . The s- and

t-channel cross sections have been measured at Tevatron by CDF and DO collaborations

and the measurement precision can reach 18% [57–61]. The measurement precision for

the t-channel cross section at the 8TeV LHC reported by ATLAS and CMS is about

15% [62–66]. It will be enhanced in coming years. For example, ref. [103] has shown

that the cross section of the t-channel single top production at the 14TeV LHC can be

measured with a precision of 5%.
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Figure 6. Feynman diagrams for the rare top decays t → cγ and cg coming from the FC coupling

gtcA , in which i = 1 and 2.

From above discussions we can see that the theoretical error of the SM NNLO cross

section at the 14TeV LHC for the s- and t-channel productions could be as large as 5%, the

same amount of the expected precision at the 14TeV LHC. So if the relative correction

of the light axigluon to the single top production cross section is larger than 10%, the

14TeV LHC should detect this correction effect. In figure 4 and figure 5 we demand

that δσs/σs
SM = 10% and δσt/σt

SM = 10%, where σs
SM and σt

SM are the SM NNLO

predictions for the s- and t-channel single top production cross sections at the LHC with√
s = 14TeV , δσs and δσt are induced by the light axigluon A, and plot the FC coupling

gtqA as a function of the mass parameter MA for different values of the flavor conserving gqA.

In our numerical calculation, we have taken the central values for σs
SM and σt

SM . From

these figures one can see that the contributions of the light axigluon to the production cross

sections of the processes pp → tb+X and pp → tj+X increase as the coupling parameters

gtqA and gqA increasing, while decrease as MA increasing. For 100GeV ≤ MA ≤ 400GeV

and 0.3 ≤ gqA ≤ 0.5, the values of FC coupling gtqA are in the ranges of 0.017 ∼ 0.163 and

0.024 ∼ 0.139 for δσs/σs
SM = 10% and δσt/σt

SM = 10%, respectively. We expect that, in

near future, the LHC can authenticate this correction effect on single top production or

at least give constraint on the FC coupling gtqA .

4 The light axigluon and the rare top decays t → cγ and cg

It is well known that in the SM the rare top decays t → qV (q = u, c and V = γ, g, Z)

mediated by FCNCs are highly GIM suppressed with branching ratios of Br(t → cV ) ∼
10−14 ∼ 10−12 [104, 105], which are far below the detectable level of current or near

future experiments. However, some new physics models can enhance these branching ratios

significantly [106–108]. So rare top decays offer an opportunity to test the SM and search

for new physics effects. Any positive signal of rare top decay processes would clearly

indicate new physics beyond the SM .

On the experimental side, rare top decays are being searched for at Tevatron [109, 110]

and LHC [111–113]. ATLAS collaboration has set upper limit on the branching ratio

Br(t → cg) < 2.7 × 10−4 at 95% C.L. [113]. The sensitivity of ATLAS to the branching

ratio Br(t → cγ) is expected to be of the order of 10−4 [114].
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Figure 7. The branching ratio Br(t → cγ) as a function of the axigluon mass MA for three values

of the flavor conserving coupling gqA.

From discussions given in above sections we can see that the light axigluon with FC

couplings can contribute rare top decays. In this section we will calculate the branching

ratios Br(t → cγ) and Br(t → cg) induced by the light axigluon. The relevant Feynman

diagrams are shown in figure 6. In this section, we also assume that the contributions

of the third generation new quarks to the rare top decays t → cγ and t → cg decouple.

Compared to the FC couplings of the light axigluon A to the new quarks and the SM

quarks, the FC couplings of the scalar φ to the new quarks and the SM quarks arise at

higher order, their FC effects are much smaller than those induced by the axigluon A.

Thus, in this section, we neglect the contributions of the scalar φ to the rare top decays

t → cγ and t → cg as done for Z → bs in section 2.

Considering electromagnetic gauge invariance, the amplitude of the rare decay t → cγ

can be general written as

M(t → cγ) = iu(Pc)σ
µνqν(Aγ +Bγγ5)u(Pt)ε

∗

µ(q), (4.1)

where q = Pt − Pc is the photon momentum and ε is its polarization vector, in which Pt

and Pc represent the momenta of top and charm quarks, respectively. A similar structure

is valid for t → cg with form factors Ag and Bg. For the light axigluon A with zero vector

couplings to the SM and new quarks i.e. gtqV ≈ 0, gQHq
V ≈ 0 and gqV ≈ 0 [36, 37, 39],

there are Aγ 6= 0, Ag 6= 0 and Bγ = 0, Bg = 0. Recently, ref. [115] has calculated the

contributions of color-singlet gauge bosons predicted by the 331 models to the rare top

decay t → cγ and give the explicit expressions for the relevant form factors. In this paper

we will use LoopTools [116, 117] to obtain our numerical results.

Using eq. (4.1), the partial widths of t → cγ and t → cg contributed by the light

– 10 –
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Figure 8. The branching ratio Br(t → cg) as a function of the axigluon mass MA for three values

of the flavor conserving coupling gqA.

axigluon can be written as

Γ(t → cγ) =
m3

t

8π

(

1− m2
c

m2
t

)3

|Aγ |2, (4.2)

Γ(t → cg) =
CFm

3
t

8π

(

1− m2
c

m2
t

)3

|Ag|2, (4.3)

where CF = 4/3 is a color factor.

To obtain numerical results, we have assumed that the top total decay width is dom-

inated by the decay t → Wb. The FC coupling gtcA is determined by the parameters gqA
and MA via the relation δσt/σt

SM = 10%. For calculation the contributions of the first

and second generation new quarks, we take the case II: εHd = I, εHu = VCKM and

assume MH = 0.2MA. In figure 7 and figure 8 we plot the branching ratios Br(t → cγ)

and Br(t → cg) as functions of the axigluon mass MA for three values of the flavor con-

serving coupling gqA. One can see from these figures that the light axigluon A can indeed

enhance the branching ratios Br(t → cγ) and Br(t → cg). For 0.3 ≤ gqA ≤ 0.5 and

100GeV ≤ MA ≤ 400GeV , the values of Br(t → cγ) and Br(t → cg) are in the ranges

of 4.8 × 10−9 ∼ 5.9 × 10−8 and 1.1 × 10−8 ∼ 1.3 × 10−6, respectively. Replacing the FC

couplings gtcA and gUic
A by gtuA and gUiu

A , we can easily calculate the contributions of the light

axigluon A to the rare top decays t → uγ and ug.

5 Conclusions

The light axigluon A with a mass MA in the range from 100GeV to 400GeV predicted by

the light axigluon model [36, 37] can explain the tt FBA and satisfy the constraints from

the ATLAS and CMS data, as long as its decay width is large and its couplings to the SM

quarks are relatively small. In order to get suppressed couplings of the light axigluon A to
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the SM quarks, the new quarks and the SM quarks should have mixing, which can induce

the FC couplings to the new quarks and the SM quarks. Furthermore, to fulfill the broad

width of the axigluon, the new quarks, at least the first and second generation new quarks,

are lighter than the light axigluon. In this paper, we assume the flavor conserving axigluon

couplings are universal and pure axial vector-like, and investigate some FC phenomena

mediated by the light axigluon.

The contributions of the light axigluon model to the FC decays Z → bs, bs and t →
cγ, cg mainly come from the FC quark- quark- axigluon coupling gqq

′

A and the FC quark-

new quark- axigluon coupling gqQH

A . Considering the constraints of meson mixing on the

FC coupling gqq
′

A and assuming that both εHu and εHd are nearly equal to the identity

matrices and satisfy the relation ε+HuεHd = VCKM to give the value of gqQH

A , we calculate

the branching ratios Br(Z → bs + bs), Br(t → cγ) and Br(t → cg) in the context of the

light axigluon model. Our numerical results show that, in most of parameter space, the

value of the branching ratio Br(Z → bs+ bs) is smaller than 1× 10−8, which is still below

the SM prediction. Compared to the SM predictions, the branching ratios Br(t → cγ)

and Br(t → cg) can be significantly enhanced in the light axigluon model, while are still

lower than the corresponding current experimental upper limits.

It is well known that single top production is very sensitive to new physics beyond

the SM , whose effects can be assessed by precise measurement of the production cross

section. In this paper, we study the correction effects of the light axigluon A to the

s- and t-channel single top productions at the LHC. We find that, in near future, the

LHC should observe this correction effect with reasonable values for the FC coupling gtqA
or at least give constraint on the FC coupling gtqA . If one demands δσs/σs

SM = 10% and

δσt/σt
SM = 10%, the values of the FC coupling gtqA should be in the ranges of 0.017 ∼ 0.163

and 0.024 ∼ 0.139, respectively.
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[71] M. Cvetič, J. Halverson and P. Langacker, Ultraviolet Completions of Axigluon Models and

Their Phenomenological Consequences, JHEP 11 (2012) 064 [arXiv:1209.2741] [INSPIRE].

– 16 –

http://arxiv.org/abs/1211.7146
http://dx.doi.org/10.1088/1742-6596/452/1/012016
http://arxiv.org/abs/1302.3699
http://inspirehep.net/search?p=find+J+J.Phys.Conf.Ser.,452,012016
http://dx.doi.org/10.1103/PhysRevLett.103.092001
http://arxiv.org/abs/0903.0850
http://inspirehep.net/search?p=find+J+Phys.Rev.Lett.,103,092001
http://dx.doi.org/10.1103/PhysRevLett.103.092002
http://arxiv.org/abs/0903.0885
http://inspirehep.net/search?p=find+J+Phys.Rev.Lett.,103,092002
http://dx.doi.org/10.1016/j.physletb.2011.10.035
http://arxiv.org/abs/1105.2788
http://inspirehep.net/search?p=find+J+Phys.Lett.,B705,313
http://dx.doi.org/10.1103/PhysRevD.84.112001
http://arxiv.org/abs/1108.3091
http://inspirehep.net/search?p=find+J+Phys.Rev.,D84,112001
http://dx.doi.org/10.1016/j.physletb.2013.09.048
http://arxiv.org/abs/1307.0731
http://inspirehep.net/search?p=find+J+Phys.Lett.,B726,656
http://dx.doi.org/10.1016/j.physletb.2012.09.031
http://arxiv.org/abs/1205.3130
http://inspirehep.net/search?p=find+J+Phys.Lett.,B717,330
http://cds.cern.ch/record/1478371
http://dx.doi.org/10.1103/PhysRevLett.107.091802
http://arxiv.org/abs/1106.3052
http://inspirehep.net/search?p=find+J+Phys.Rev.Lett.,107,091802
http://dx.doi.org/10.1007/JHEP12(2012)035
http://arxiv.org/abs/1209.4533
http://inspirehep.net/search?p=find+J+JHEP,1212,035
http://cds.cern.ch/record/1478935
http://dx.doi.org/10.1016/j.physletb.2012.08.011
http://arxiv.org/abs/1205.5764
http://inspirehep.net/search?p=find+J+Phys.Lett.,B716,142
http://dx.doi.org/10.1103/PhysRevLett.110.022003
http://arxiv.org/abs/1209.3489
http://inspirehep.net/search?p=find+J+Phys.Rev.Lett.,110,022003
http://dx.doi.org/10.1103/PhysRevD.87.116010
http://arxiv.org/abs/1301.3990
http://inspirehep.net/search?p=find+J+Phys.Rev.,D87,116010
http://dx.doi.org/10.1016/j.physletb.2008.10.048
http://arxiv.org/abs/0709.2378
http://inspirehep.net/search?p=find+J+Phys.Lett.,B670,119
http://dx.doi.org/10.1007/JHEP11(2012)064
http://arxiv.org/abs/1209.2741
http://inspirehep.net/search?p=find+J+JHEP,1211,064


J
H
E
P
0
4
(
2
0
1
4
)
1
7
0

[72] J. Hubisz, S.J. Lee and G. Paz, The Flavor of a little Higgs with T-parity,

JHEP 06 (2006) 041 [hep-ph/0512169] [INSPIRE].

[73] B. Holdom, New third family flavor physics: Vertex corrections,

Phys. Lett. B 351 (1995) 279 [hep-ph/9502273] [INSPIRE].

[74] C.T. Hill and X.-m. Zhang, Z → bb̄ versus dynamical electroweak symmetry breaking

involving the top quark, Phys. Rev. D 51 (1995) 3563 [hep-ph/9409315] [INSPIRE].

[75] M. Clements et al., Flavor-changing decays of the Z0, Phys. Rev. D 27 (1983) 570

[INSPIRE].

[76] V. Ganapathy et al., Flavor-changing Z decays: A window to ultraheavy quarks?,

Phys. Rev. D 27 (1983) 579 [INSPIRE].

[77] W.-S. Hou, N.G. Deshpande, G. Eilam and A. Soni, CP Nonconservation in Decays of W

and Z Bosons, Phys. Rev. Lett. 57 (1986) 1406 [INSPIRE].

[78] J. Bernabeu, M.B. Gavela and A. Santamaria, CP Violation at the Z0 Peak,

Phys. Rev. Lett. 57 (1986) 1514 [INSPIRE].

[79] ECFA/DESY LC Physics Working Group, J.A. Aguilar-Saavedra et al., TESLA: The

Superconducting electron positron linear collider with an integrated x-ray laser laboratory.

Technical design report. Part 3. Physics at an e+e− linear collider, hep-ph/0106315

[INSPIRE].

[80] H. Baer et al., The International Linear Collider Technical Design Report - Volume 2:

Physics, arXiv:1306.6352 [INSPIRE].

[81] M.J. Duncan, Flavor Changing Decays of the Z0 and Supersymmetry,

Phys. Rev. D 31 (1985) 1139 [INSPIRE].

[82] F. Gabbiani, J.H. Kim and A. Masiero, Z0 → bs̄ and Z0 → τ µ̄ in SUSY: Are They

Observable?, Phys. Lett. B 214 (1988) 398 [INSPIRE].

[83] C. Busch, Charged Higgs Bosons and Flavor Changing Z Decays,

Nucl. Phys. B 319 (1989) 15 [INSPIRE].

[84] B. Mukhopadhyaya and A. Raychaudhuri, Can Flavor Changing Z Decay Provide a Test

for Supersymmetry?, Phys. Rev. D 39 (1989) 280 [INSPIRE].

[85] W.-S. Hou and R.G. Stuart, Flavor Changing Decays of the Z0 Boson to Massive Quarks in

the Two Higgs Doublet Model, Phys. Lett. B 226 (1989) 122 [INSPIRE].

[86] B. Grzadkowski, J.F. Gunion and P. Krawczyk, Neutral current flavor changing decays for

the Z boson and the top quark in two Higgs doublet models, Phys. Lett. B 268 (1991) 106

[INSPIRE].

[87] X.-L. Wang, G.-R. Lu and Z.-J. Xiao, Flavor changing Z decay in the one generation

technicolor models, Phys. Rev. D 51 (1995) 4992 [INSPIRE].

[88] D. Atwood, L. Reina and A. Soni, Phenomenology of two Higgs doublet models with flavor

changing neutral currents, Phys. Rev. D 55 (1997) 3156 [hep-ph/9609279] [INSPIRE].

[89] D. Atwood, S. Bar-Shalom, G. Eilam and A. Soni, Flavor changing Z decays from scalar

interactions at a giga Z linear collider, Phys. Rev. D 66 (2002) 093005 [hep-ph/0203200]

[INSPIRE].

[90] C.-x. Yue, H. Li and H.-j. Zong, Flavor changing Z decay Z → bs̄(b̄s) in topcolor assisted

technicolor models, Nucl. Phys. B 650 (2003) 290 [hep-ph/0211116] [INSPIRE].

– 17 –

http://dx.doi.org/10.1088/1126-6708/2006/06/041
http://arxiv.org/abs/hep-ph/0512169
http://inspirehep.net/search?p=find+J+JHEP,0606,041
http://dx.doi.org/10.1016/0370-2693(95)00331-E
http://arxiv.org/abs/hep-ph/9502273
http://inspirehep.net/search?p=find+J+Phys.Lett.,B351,279
http://dx.doi.org/10.1103/PhysRevD.51.3563
http://arxiv.org/abs/hep-ph/9409315
http://inspirehep.net/search?p=find+J+Phys.Rev.,D51,3563
http://dx.doi.org/10.1103/PhysRevD.27.570
http://inspirehep.net/search?p=find+Phys.Rev.D.,27,570
http://dx.doi.org/10.1103/PhysRevD.27.579
http://inspirehep.net/search?p=find+Phys.Rev.D.,27,579
http://dx.doi.org/10.1103/PhysRevLett.57.1406
http://inspirehep.net/search?p=find+J+Phys.Rev.Lett.,57,1406
http://dx.doi.org/10.1103/PhysRevLett.57.1514
http://inspirehep.net/search?p=find+J+Phys.Rev.Lett.,57,1514
http://arxiv.org/abs/hep-ph/0106315
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0106315
http://arxiv.org/abs/1306.6352
http://inspirehep.net/search?p=find+EPRINT+arXiv:1306.6352
http://dx.doi.org/10.1103/PhysRevD.31.1139
http://inspirehep.net/search?p=find+J+Phys.Rev.,D31,1139
http://dx.doi.org/10.1016/0370-2693(88)91384-6
http://inspirehep.net/search?p=find+J+Phys.Lett.,B214,398
http://dx.doi.org/10.1016/0550-3213(89)90599-3
http://inspirehep.net/search?p=find+J+Nucl.Phys.,B319,15
http://dx.doi.org/10.1103/PhysRevD.39.280
http://inspirehep.net/search?p=find+J+Phys.Rev.,D39,280
http://dx.doi.org/10.1016/0370-2693(89)90299-2
http://inspirehep.net/search?p=find+J+Phys.Lett.,B226,122
http://dx.doi.org/10.1016/0370-2693(91)90931-F
http://inspirehep.net/search?p=find+J+Phys.Lett.,B268,106
http://dx.doi.org/10.1103/PhysRevD.51.4992
http://inspirehep.net/search?p=find+J+Phys.Rev.,D51,4992
http://dx.doi.org/10.1103/PhysRevD.55.3156
http://arxiv.org/abs/hep-ph/9609279
http://inspirehep.net/search?p=find+J+Phys.Rev.,D55,3156
http://dx.doi.org/10.1103/PhysRevD.66.093005
http://arxiv.org/abs/hep-ph/0203200
http://inspirehep.net/search?p=find+J+Phys.Rev.,D66,093005
http://dx.doi.org/10.1016/S0550-3213(02)01015-5
http://arxiv.org/abs/hep-ph/0211116
http://inspirehep.net/search?p=find+J+Nucl.Phys.,B650,290


J
H
E
P
0
4
(
2
0
1
4
)
1
7
0

[91] R. Mohanta, Implications of the non-universal Z boson in FCNC mediated rare decays,

Phys. Rev. D 71 (2005) 114013 [hep-ph/0503225] [INSPIRE].

[92] X.-F. Han, L. Wang and J.M. Yang, Higgs and Z-boson FCNC decays correlated with

B-meson decays in littlest Higgs model with T-parity, Phys. Rev. D 78 (2008) 075017

[arXiv:0807.4480] [INSPIRE].

[93] Particle Data Group collaboration, J. Beringer et al., Review of Particle Physics

(RPP), Phys. Rev. D 86 (2012) 010001 [INSPIRE].

[94] D. Karabacak, S. Nandi and S.K. Rai, Diquark resonance and single top production at the

Large Hadron Collider, Phys. Rev. D 85 (2012) 075011 [arXiv:1201.2917] [INSPIRE].

[95] J. Pumplin et al., New generation of parton distributions with uncertainties from global

QCD analysis, JHEP 07 (2002) 012 [hep-ph/0201195] [INSPIRE].

[96] S.S.D. Willenbrock and D.A. Dicus, Production of Heavy Quarks from W Gluon Fusion,

Phys. Rev. D 34 (1986) 155 [INSPIRE].

[97] N. Kidonakis, Single top production at the Tevatron: Threshold resummation and

finite-order soft gluon corrections, Phys. Rev. D 74 (2006) 114012 [hep-ph/0609287]

[INSPIRE].

[98] N. Kidonakis, Higher-order soft gluon corrections in single top quark production at the

LHC, Phys. Rev. D 75 (2007) 071501 [hep-ph/0701080] [INSPIRE].

[99] N. Kidonakis, Next-to-next-to-leading-order collinear and soft gluon corrections for t-channel

single top quark production, Phys. Rev. D 83 (2011) 091503 [arXiv:1103.2792] [INSPIRE].

[100] N. Kidonakis, Differential and total cross sections for top pair and single top production,

arXiv:1205.3453 [INSPIRE].

[101] N. Kidonakis, NNLL threshold resummation for top-pair and single-top production,

arXiv:1210.7813 [INSPIRE].

[102] N. Kidonakis, Single top and top pair production, arXiv:1212.2844 [INSPIRE].

[103] B. Schoenrock, E. Drueke, B.A. Gonzalez and R. Schwienhorst, Single top quark cross

section measurement in the t-channel at the high-luminosity LHC, arXiv:1308.6307

[INSPIRE].

[104] G. Eilam, J.L. Hewett and A. Soni, Rare decays of the top quark in the standard and two

Higgs doublet models, Phys. Rev. D 44 (1991) 1473 [Erratum ibid. D 59 (1999) 039901]

[INSPIRE].

[105] J.A. Aguilar-Saavedra, Top flavor-changing neutral interactions: Theoretical expectations

and experimental detection, Acta Phys. Polon. B 35 (2004) 2695 [hep-ph/0409342]

[INSPIRE].

[106] F. Larios, R. Martinez and M.A. Perez, New physics effects in the flavor-changing neutral

couplings of the top quark, Int. J. Mod. Phys. A 21 (2006) 3473 [hep-ph/0605003]

[INSPIRE].

[107] J.M. Yang, Probing New Physics from Top Quark FCNC Processes at LHC: A Mini

Review, Int. J. Mod. Phys. A 23 (2008) 3343 [arXiv:0801.0210] [INSPIRE].

[108] J. Drobnak, Constraints on new physics from top quark decays at high precision,

arXiv:1210.5051 [INSPIRE].

– 18 –

http://dx.doi.org/10.1103/PhysRevD.71.114013
http://arxiv.org/abs/hep-ph/0503225
http://inspirehep.net/search?p=find+J+Phys.Rev.,D71,114013
http://dx.doi.org/10.1103/PhysRevD.78.075017
http://arxiv.org/abs/0807.4480
http://inspirehep.net/search?p=find+J+Phys.Rev.,D78,075017
http://dx.doi.org/10.1103/PhysRevD.86.010001
http://inspirehep.net/search?p=find+J+Phys.Rev.,D86,010001
http://dx.doi.org/10.1103/PhysRevD.85.075011
http://arxiv.org/abs/1201.2917
http://inspirehep.net/search?p=find+J+Phys.Rev.,D85,075011
http://dx.doi.org/10.1088/1126-6708/2002/07/012
http://arxiv.org/abs/hep-ph/0201195
http://inspirehep.net/search?p=find+J+JHEP,0207,012
http://dx.doi.org/10.1103/PhysRevD.34.155
http://inspirehep.net/search?p=find+J+Phys.Rev.,D34,155
http://dx.doi.org/10.1103/PhysRevD.74.114012
http://arxiv.org/abs/hep-ph/0609287
http://inspirehep.net/search?p=find+J+Phys.Rev.,D74,114012
http://dx.doi.org/10.1103/PhysRevD.75.071501
http://arxiv.org/abs/hep-ph/0701080
http://inspirehep.net/search?p=find+J+Phys.Rev.,D75,071501
http://dx.doi.org/10.1103/PhysRevD.83.091503
http://arxiv.org/abs/1103.2792
http://inspirehep.net/search?p=find+J+Phys.Rev.,D83,091503
http://arxiv.org/abs/1205.3453
http://inspirehep.net/search?p=find+EPRINT+arXiv:1205.3453
http://arxiv.org/abs/1210.7813
http://inspirehep.net/search?p=find+EPRINT+arXiv:1210.7813
http://arxiv.org/abs/1212.2844
http://inspirehep.net/search?p=find+EPRINT+arXiv:1212.2844
http://arxiv.org/abs/1308.6307
http://inspirehep.net/search?p=find+EPRINT+arXiv:1308.6307
http://dx.doi.org/10.1103/PhysRevD.44.1473
http://inspirehep.net/search?p=find+J+Phys.Rev.,D44,1473
http://arxiv.org/abs/hep-ph/0409342
http://inspirehep.net/search?p=find+J+ActaPhys.Polon.,B35,2695
http://dx.doi.org/10.1142/S0217751X06033039
http://arxiv.org/abs/hep-ph/0605003
http://inspirehep.net/search?p=find+J+Int.J.Mod.Phys.,A21,3473
http://dx.doi.org/10.1142/S0217751X08042092
http://arxiv.org/abs/0801.0210
http://inspirehep.net/search?p=find+J+Int.J.Mod.Phys.,A23,3343
http://arxiv.org/abs/1210.5051
http://inspirehep.net/search?p=find+EPRINT+arXiv:1210.5051


J
H
E
P
0
4
(
2
0
1
4
)
1
7
0

[109] CDF collaboration, T. Aaltonen et al., Search for the Flavor Changing Neutral Current

Decay t → Zq in pp̄ Collisions at
√
s = 1.96 TeV, Phys. Rev. Lett. 101 (2008) 192002

[arXiv:0805.2109] [INSPIRE].

[110] D0 collaboration, V.M. Abazov et al., Search for flavor changing neutral currents in decays

of top quarks, Phys. Lett. B 701 (2011) 313 [arXiv:1103.4574] [INSPIRE].

[111] ATLAS collaboration, A search for flavour changing neutral currents in top-quark decays

in pp collision data collected with the ATLAS detector at
√
s = 7 TeV, JHEP 09 (2012) 139

[arXiv:1206.0257] [INSPIRE].

[112] CMS collaboration, Search for flavor changing neutral currents in top quark decays in pp

collisions at 7 TeV, Phys. Lett. B 718 (2013) 1252 [arXiv:1208.0957] [INSPIRE].

[113] ATLAS collaboration, Search for FCNC single top-quark production at
√
s = 7 TeV with

the ATLAS detector, Phys. Lett. B 712 (2012) 351 [arXiv:1203.0529] [INSPIRE].

[114] ATLAS collaboration, Study of ATLAS sensitivity to FCNC top decays,

Eur. Phys. J. C 52 (2007) 999 [arXiv:0712.1127] [INSPIRE].

[115] I. Cortes-Maldonado, G. Hernandez-Tome and G. Tavares-Velasco, Decay t → cγ in models

with SUL(3)× UX(1) gauge symmetry, Phys. Rev. D 88 (2013) 14011.
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