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Littlest Higgs model with T -parity and single top

production in ep collisions *
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Abstract Based on calculating the contributions of the littlest Higgs model with T -parity (called LHT model)

to the anomalous top coupling tqγ (q = u or c), we consider single top production via the t-channel partonic

process eq → et in ep collisions. Our numerical results show that the production cross section in the LHT

model can be significantly enhanced relative to that in the standard model (SM).
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1 Introduction

The top quark with a mass of the order of the elec-

troweak scale mt ∼ 172 GeV[1] is the heaviest particle

yet discovered and might be the first place in which

new physics effects could appeare. The correction ef-

fects on the observables due to the new physics are

often more important for the top quark than for the

other fermions. In particular, the anomalous top cou-

plings, which affect the top production and decay at

high energy colliders, offer a unique place for testing

the standard model’s (SM) flavor structure[2].

In the SM, the anomalous top quark couplings tqV

(q=c or u quark and V = γ, Z or g gauge bosons)

which arise from the flavor changing (FC) interac-

tions, vanish at tree level but can be generated at the

one-loop level. However, they are very suppressed

by the GIM mechanism which cannot be detected in

present and near future high energy experiments. It

is well known that the anomalous top quark couplings

tqV may be large in some new physics models going

beyond the SM and single top production is sensitive

to these types of couplings. Thus, studying the con-

tributions of the couplings tqV to single production

of the top quark is of special interest. It will be help-

ful to test the SM flavor structure and new physics

beyond the SM.

The ep collider, called HERA collider with a

center-of-mass (c.m.) energy
√

s = 320 GeV or the

THERA collider with a c.m. energy
√

s = 1 TeV[3], is

the experimental facility where high energy electron-

proton and positron-proton interactions can be stud-

ied. Within the SM, a single top quark cannot

be produced at an observable level in the HERA

and THERA collider experiments[4]. However, the

HERA and THERA colliders could possibly provide

a good sensitivity on the tqV couplings via single

top production[5]. Some studies about this type of

single top quark production have appeared in the

literature[6, 7], which have shown that the HERA and

THERA colliders are powerful tools for searching for

the anomalous top quark couplings tqV.

The littlest Higgs model with T -parity (called

LHT model)[8] is one of the attractive little Higgs

models. To simultaneously implement T -parity, the

LHT model introduces new mirror fermions. Under

T -parity, particle fields are divided into T -even and

T -odd sectors. The T -even sector consists of the SM

particles and a heavy top quark T+, while the T -odd

sector contains heavy gauge bosons (BH, ZH, W±

H), a

scalar triplet (Φ), and so-called mirror fermions. The

flavor mixing in the mirror fermion sector gives rise to

a new source of flavor violation, which might gener-

ate significant contributions to some flavor violation
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processes[9—14]. In this paper, we will concentrate on

the single top production via the t-channel partonic

process eq → et in the HERA and THERA collider

experiments.

In the following section we will present in detail

our numerical results. Our conclusion and a simple

discussion will be given in section 3.

2 Numerical results

At the HERA and THERA colliders a single top

quark can be produced via a charged current (CC)

process and a neutral current (NC) process. In the

SM, the former process can proceed at the tree level

with a cross section of less than 1 fb[15], while the

latter process can only proceed at the one-loop level,

which is GIM suppressed. However, the NC process

ep → et+X is sensitive to the anomalous top quark

couplings tqV.

The t-channel partonic process eq→ et for the NC

process ep → et + X can obtain contributions from

the anomalous top quark couplings tqγ and tqZ via

γ exchange and Z exchange, respectively. However,

the contribution from Z exchange is several orders of

magnitude smaller than that from γ exchange. Thus,

we will neglect the contributions of the coupling tqZ

in our numerical estimation.

The effective vertex of the anomalous top coupling

tqγ can be generally written as:

ieσµνqν(KLPL +KRPR). (1)

Here σµν =
i

2
(γµγν − γνγµ), qν is a 4-momentum of

the photon γ, KL and KR are the effective coupling

coefficients of the tqγ vertex, in which we have ex-

tracted out the electron charge factor e as a common

factor. PL =
1−γ5

2
and PR =

1+γ5

2
are the left-

and right-handed projection operators, respectively.

Then, the differential cross section of the partonic

process e(Pe)+q(Pq)→ e(Pe′)+ t(Pt) can be written

as:

dσ̂(ŝ)

dt
=

(K2
L+K2

R)e4

32πŝ2
×

[
−2ŝ2 +2ŝm2

t −m4
t

t
+2m2

t −2ŝ− t

]
, (2)

where t = q2 = (Pe′ −Pe)
2 and

√
ŝ is the c.m. en-

ergy of the t-channel partonic process eq→ et. In the

above equation, we have neglected the masses of the

incoming quarks and the electrons. However, for the

Mandelstam variable t, to avoid divergence we will

use me = 0.511 MeV for its upper and lower limits in

the phase space integral.

In the LHT model, the anomalous top quark cou-

pling tqγ can be induced by the interactions between

the SM quarks and the mirror quarks mediated by T -

odd gauge bosons (BH, ZH, W±

H), as shown in Fig. 1.

The heavy scalar triplet Φ has no contributions to the

coupling tqγ at the order of ν2/f 2[10, 11]. In our nu-

merical estimation, we will neglect its contributions.

So, in Fig. 1, we have not plotted the Feynman dia-

grams generated by the heavy scalar triplet Φ. Using

the relevant Feynman rules given in Refs. [10,16], we

can calculate the values of the effective coupling coef-

ficients KL and KR in the context of the LHT model.

Since their explicit expressions are lengthy, we will

not present them in this paper.

Fig. 1. Feynman diagrams for the tqγ (q=u, or

c) vertex in the LHT model.

The effective cross section σ(s) of single top pro-

duction via the partonic process eq → et in an ep

collision can be obtained by folding the cross section

σ̂(ŝ) with the parton distribution function (PDF):

σ(s) =
∑

q=u,c

∫ 1

xmin

fq(x,µ)dx

∫ tmax

tmin

dσ̂(ŝ)

dt
dt (3)

with xmin =
m2

t +m2
e

s
and ŝ = xs, in which the c.m.

energy
√

s is taken as 320 GeV for the HERA collider

and as 1 TeV for the THERA collider. In our numer-

ical calculation, we will use CTEQ6L PDFs[17] for the
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quark distribution functions and assume that the fac-

torization scale µ is of order mt. The upper and lower

limits of the Mandelstam variable t are taken as:

tmax ≈−
mem

2
t

ŝ
, tmin ≈m2

t − ŝ−
m2

e(m
2
e −m2

t )

ŝ
. (4)

As can be observed, the cross section σ(s) of sin-

gle top production in an ep collision depends on the

model parameters f,Mui

H
, Mdi

H
, and (VHu)ij . The

matrix elements (VHu)ij can be determined via VHu =

VHdV
+
CKM. The matrix VHd can be parameterized in

terms of three mixing angles and three phases, which

can be probed by FCNC processes in K and B meson

systems, as discussed in detail in Refs. [10, 12]. It is

convenient to consider several representative scenar-

ios for the structure of the matrix VHd. To simplify

our calculation, we concentrate our study on the fol-

lowing two scenarios for the structure of the mixing

matrix VHd:

Case .: VHd =., VHu = V +
CKM;

Case /: sd
23 =

1
√

2
, sd

12 = 0, sd
13 = 0, δd

12 = 0,

δd
23 = 0, δd

13 = 0.

It has been shown that, in both above cases,

the constraints on the mass spectrum of the mir-

ror fermions are very relaxed[10, 12]. Furthermore, the

masses of the up and down type mirror quarks are

equal to each other to leading order of ν/f . Thus,

we assume that the masses of the mirror quarks

have the relations Mui

H

= Mdi

H

= M1(i = 1,2) and

Mu3

H
= Md3

H
= M2. In our numerical estimation, we

will take the scale parameter f and the mass param-

eters M1, M2 as free parameters.

Our numerical results for Case . are summa-

rized in Fig. 2 and Fig. 3. In these two figures, we

have taken the values of the CKM matrix elements

(VCKM)ij given by Ref. [18], in which VCKM is con-

structed based on PDG parameterization[19]. For the

HERA collider with
√

s = 320 GeV, the value of σ(s)

is smaller than 1× 10−4 fb in most of the parame-

ter space of the LHT model. So, in Fig. 2, we only

plot the production cross section σ(s) at the THERA

collider with
√

s = 1 TeV as a function of the scale

parameter f for different values of the mass param-

eters M1 and M2. One can see from Fig. 2 that the

value of the production cross section σ(s) increases as

the scale parameter f decreases. The value of σ(s) is

insensitive to the mirror quark masses. The value

of σ(s) can reach 2.2 × 10−3 fb for f = 500 GeV,

M1 = 1500 GeV and M2 = 4000 GeV, which is too

small to be detected at the THERA collider with
√

s = 1 TeV. In Fig. 3, we plot the production cross

section σ(s) as a function of the c.m. energy
√

s for

M1 = 1000 GeV, M2 = 3000 GeV, and three values of

the scale parameter f . From Fig. 3, we can see that

even for f = 500 GeV and
√

s = 1.5 TeV, the value of

σ(s) is only 3.7×10−3 fb.

Fig. 2. Case ., the cross section σ(s) of single

top production at the THERA collider with
√

s = 1 TeV as a function of f for different

values of M1 and M2.

Fig. 3. Case ., the cross section σ(s) a func-

tion of the c.m. energy
√

s for M1=1000 GeV,

M2 =3000 GeV and three values of f .

For Case . we have assumed VHd =. and VHu =

V +
CKM, for Case / we will assume VHu = VHdV

+
CKM and

VHd =




1 0 0

0
1
√

2

1
√

2

0 −
1
√

2

1
√

2




. (5)
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It is obvious that the value of the factor λi =

(VHu)
∗

ij(VHu)i3 for Case / is different from that for

Case ., which makes the effective production cross

section σ(s) of the t-channel partonic process eq→ et

for Case / differ from that for Case .. In Fig. 4,

the dependence of the cross section σ(s) on the scale

parameter f is presented for Case /. One can see

from Fig. 4 that the cross section σ(s) of single top

production for Case / is larger than that for Case ..

For f = 500 GeV, M2 = 3000 GeV, and 500 GeV6

M1 6 1500 GeV, the value of σ(s) is in the range of

5.9×10−2 fb∼ 0.14fb. In Fig. 5, we plot σ(s) as a func-

tion of the c.m. energy
√

s for M1 = 1000 GeV, M2=

Fig. 4. Case /, the cross section σ(s) at the

THERA collider with
√

s = 1 TeV as a func-

tion of f for M2 =3000 GeV and three values

of M1.

Fig. 5. Same as Fig. 3 but for Case /.

3000 GeV and three values of the scale parameter f .

The value of σ(s) can reach 0.18 fb for f = 500 GeV

and
√

s = 1.5 TeV. If we assume that the THERA

collider with
√

s = 1 TeV has a yearly integrated lu-

minosity of £ = 100 fb−1, then there will be several

tens of single top events generated.

3 Conclusion and discussion

The LHT model is one of the attractive little Higgs

models that is consistent with electroweak precision

tests but also has a much richer flavor structure de-

scribed by new flavor mixing matrices. This feature

makes that the LHT model might generate signifi-

cant contributions to some flavor violation processes.

Based on calculating the contributions of the LHT

model to the anomalous top quark coupling tqγ (q=u

or c), single top quark production via the t-channel

partonic process eq → et in ep collisions is consid-

ered in this paper. Our numerical results show that

the production cross section is too small to be mea-

sured at the HERA collider experiments. However,

with reasonable values of the parameters in the LHT

model, the production cross section can reach 0.14 fb

at the THERA collider with
√

s = 1 TeV. Certainly,

whether the effects of the LHT model on single top

quark production can be detected in future at the

THERA collider, depends on its luminosity.

Single top quark production in ep collisions can

also be induced by the anomalous top quark coupling

tqg. Using the constraint on the single top production

cross section obtained at the HERA collider, Ref. [20]

has given upper limits on the coupling constant of the

anomalous coupling tqg. The LHT model can gen-

erate a large anomalous top quark coupling tqg[13],

which can also produce significant contributions to

the single top production in ep collisions. However,

compared the single top production based on the t-

channel partonic process eq→ et, it has an additional

light jet from a gluon or up type quarks. Thus, single

top production in ep collisions induced by the anoma-

lous top quark coupling tqg should be studied further.
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