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Littlest Higgs model with 7 parity and top quark pair production at LHC
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We consider the top-quark pair production at the upcoming LHC and investigate the contributions of the
new particles to the related observables within the framework of the littlest Higgs model with
T-parity(LHT). It is found that the LHT model can generate significant corrections to the ¢7 production

cross section and their spin correlations.
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I. INTRODUCTION

The top quark, first observed at Fermilab in 1995 [1,2],
is the heaviest fundamental fermion discovered to date. It
may play an important role in the mechanism of electro-
weak symmetry breaking (EWSB) [3], and especially new
physics connected to EWSB may be found through preci-
sion studies of top-quark observables. Compared with
lighter quarks, which are permanently confined in bound
states with other quarks or antiquarks, the lifetime of the
top quark is extremely short so that its properties are not
polluted by the hadronization process. Due to the V — A
interaction within the standard model (SM), top-quark spin
information can be transferred into its decay products [4].
In particular, phenomena associated with their spins are
reflected directly in the distributions and the corresponding
angular correlations of their decay products, eg., jet, w-
boson, or charged lepton. These distributions are deter-
mined by the ¢ and 7 polarizations and spin correlations
induced by the production mechanism(s). Hence spin-
polarization and spin-correlation phenomena can provide
valuable information about the interactions of top quarks.
An attempt to detect these spin correlations in a small 7
dilepton sample collected at the Tevatron was recently
reported by the DO collaboration [5]. Furthermore, it is
possible to measure the observables that depend on the top-
quark spin, providing a good probe for tests of the SM and
for searches for new physics beyond the SM.

At LHC, huge number events of top quarks will be
produced every year. It is possible to measure the top-quark
properties with high precision at this facility in order to
search for new physics beyond the SM. As far as theoreti-
cal predictions on top-quark pair production are concerned,
the cross sections for spin-averaged top-quark pair produc-
tion have been known at next-to-leading order (NLO) in
QCD [6-8]. As to top-quark spin phenomena at hadron
colliders there exists an extensive literature on theoretical
investigations within the SM [9-15] and beyond [16-23],
There are also several studies of effects of new physics
models on the top spin correlations [24-26].
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For the existence of the large enhancement to the
Yukawa coupling in new physics models, studying the
Yukawa electroweak radiative corrections is specially in-
teresting. By far, a lot of works have appeared to study the
non-SM one-loop corrections to the top-quark pair produc-
tion at LHC in the context of new physics models, such as
minimal supersymmetric standard model [27-29] and two-
Higgs-doublet model [30]. In this paper, we focus on
studying the hadronic top-quark pair production and decay
at leading order LO under the framework of the littlest
Higgs model with T-parity(LHT) [31-34] by taking the
spin information of the top quarks into account.

The layout of the present paper is as follows: the essen-
tial features of the LHT model [31-34] related to our work
is briefly reviewed in Sec. II. The radiative corrections to
the top-quark pair production at LHC is investigated, and
the related numerical results for the total cross section, the
spin asymmetry, etc. are obtained in Sec. IIl. Finally the
conclusion and a short discussion are given.

II. THE ESSENTIAL FEATURES OF THE LHT
MODEL

The LHT model is based on a SU(5)/SO(5) global
symmetry breaking pattern. A subgroup [SU(2) X
U(1)]; X[SU2) X U(1)], of the SU(5) global symmetry
is gauged and at the scale f it is broken into the SM
electroweak  symmetry  SU(2); X SU(1)y.  Under
T-parity, particle fields are divided into T-even and
T-odd sectors. The T-even sector consists of the SM par-
ticles and a heavy top-quark 7', while the T-odd sector
contains heavy gauge bosons (By, Zy, W};), a scalar triplet
(®), and a copy of leptons and quarks.

We use the Goldstone-boson equivalence theorem (ET)
[35-39] to calculate the leading electroweak Yukawa con-
tributions to the anomalous g7 coupling, and adopt the
notations as: & is the Higgs boson; 7°, 77~ is eaten by SM
gauge bosons Z and W; 1, »°, o™ are eaten by the T-odd
heavy gauge bosons By, Zy, W}, respectively. In T-odd
sector, there are three heavy quarks 7, b_, and T_ con-
tributing to g#7 coupling, which are T-parity partners of SM
top, bottom quarks and the heavy T-even T quark.
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At the order of v?/f?, the masses of the T-odd set of the
SU(2) X U(1) gauge bosons are given by:

2
MZH = MWH = gf[l - 8_f2i|
Where v = 246 GeV is the scale of the EWSB, g’ and g
are the SM U(1)y and SU(2); gauge coupling constants,
respectively. Because of the smallness of g/, the gauge
boson By is the lightest 7-odd particle, which is stable,
electrically neutral, and weakly interacting particle. Thus,
it can be seen as an attractive dark matter candidate [34].
Assuming there is flavor universal and diagonal Yukawa
coupling k, the T-odd quarks for different family will be
degenerate in mass, and the masses of the up- and down-
type T-odd fermions can be written as:

= a1 - ),

Being f = 500 GeV, it is clear from Eq. (2) that there is
MI, ~ Mb,'

As for the heavy T-even T, quark and its partner 7_,
their masses are given by [40]:

)

~2kf. ()

L el E )
3)
M, =7 ";;L[1+;’7§(§—%XL(1—XL))], 4)

where X; = A}/(A} + AJ) is the mixing parameter be-
tween the SM top-quark ¢ and the new top-quark 7, in
which A, and A, are the Yukawa coupling parameters.

In this paper we use the ’t Hooft-Feyman gauge, so the
Goldstone-Boson mass is the same as its corresponding
gauge boson, that is to say:

my=o = My, m, = Mg, &)

II1. TOP-QUARK PAIR PRODUCTION AND
DECAYS OF THE POLARIZED TOP QUARK
AT LHC

At hadron colliders, top-quark pair ¢7 is produced pre-
dominantly by the strong interactions. At the LHC, their
production is mainly due to gluon gluon fusion, while gg
annihilation contribute only a small part. In the context of
the LHT model, the Feynman diagrams for the processes
contributing to ¢f pair production are depicted in Fig. 1.
Note that the black dot in Fig. 1. represents the effective g7
vertex induced by the new particles predicted in the LHT
model. The effective grf vertex receives the contributions
from the interactions like (h —t — T,), (7 —t—T),
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FIG. 1. Feynman diagrams for 7 pair production contributed

from LHT.

(@' —t—1t.), m—t—t_.), (w~ —t—b"), and (n—1—
T_). The corresponding Feynman rules can be found in
[40]. Note that the interaction between the scalar triplet ®
and top quark also exists, but its contribution is small and
can be neglected.

The invariant amplitudes for the processes g(p;)X
g(pa)— t(ky, 5,)(ks, 57) and q(p})q(p5) — t(ky, s,)1(ky, s7)
can be written as follows:

8 uv
M, = g2Tf*(p, — p)),€*(p))€"(p) ——

p1+ p)?
X ii(ky, s)[A,y” + iB,d7(py + p2)a
2m,
+ Gy = Tyt ) [t s
(p1 + p2)? : g 2o

My, = —ig2T*T"o(p})y u(ph) —— i(ky, s,)

(P! 2)2
X [Aﬂ” + iB, 0" (p} + Ph)a

2m
+ C o___ Tt (y 1o ky, s7);
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M, = —ig2T*T"e*(p,)€e"(py)i(ky, s,)

X[Ay, + Bo(ky — p)upbi + Celky — p1) Y’

+ D.(ky = p)p b1y’ + Elky — p1)y + Foy,y’

+G.pry, + Hcﬁlnvs]%

X y,v(ky, 57); )

K — py + m,)

M, = —ig?T*Tb e*(p,)€" (p,)ii(k,, Sz)?’u( 2

X [AeYV + Be(kl - pl)vle + Ce(kl - pl)l/’y5
+ De(kl - pl)VﬁZ'yS + Ee(kl - pl)v + F37V75

+ G boyy + Hopoy v vk, s7); )
M, = g TT e*(py)e” (priaky, Sz)’)’u(k]il_;lﬁ
X[S(k = b)) + (ki — P)(SZy — 8Z,y5)
kK — g+ m,
+ mt5mz]m7ﬂ/(1€2, 57). (10)

Where g, is the strong coupling strength, T is the color
generator, and £9%¢ is the structure constant of SU.(3). The
invariant amplitudes M, My, M), can be, respectively,
obtained from M., M,, M, under the interchange
Py < p2. The form factors appearing in M, and M, can
be found in [41], and the others are listed in the
Appendix A 1 and A 2. We also list the counterterms
6Zy, 6Z, etc. in Appendix A 3.
For the process

pp/(pp) — t1, (11)

the corresponding differential cross section can be written
as follows

do
d;(‘)‘ = Zfdxldxzfa/p(xl, MF)fb/p(XZ’ mF)
ab

do(8)
ax ’
(12)

where X can be chosen to be the #7 invariant mass M ; or the
transverse momentum P of top quark, etc. § = x;x,s is
the effective center-of-mass energy squared for the par-
tonic process. ab = gg or gg, and f,/,(x, ur) denotes the
parton distribution function (PDF) of parton a in hadron p.
In our numerical calculation, we use CTEQG6.1L [42] and
set the factorization scale up = m, = 172.7 GeV.

In the LHT model, the total cross section o, which
contains both the LHT and SM contributions depends on
the free parameters f, k, and X;. About the involved
parameters f, some constraints come from the electroweak
precision data [34], which, however, depend on the masses
of T-odd fermions and the parameter &, (its value is related
to the details of the ultraviolet completion of the theory).

ki — p1)* — m;

PHYSICAL REVIEW D 81, 015011 (2010)

Hence, in our numerical calculations we relax the con-
straints on the parameters f, and let it vary in the range
500 GeV = f = 2000 GeV. For X; is the mixing parame-
ter between the SM top-quark ¢ and the new top-quark 7',
which exact formula has been given in Sec. I and its value
in the range 0 = X; = 1. And k is a parameter at the order
of 1, which varies in the range 0.11 = k = 4.8 [43]. To
simply our calculation, we fix k = 0.6 and take f and X, as
free parameters.

To illustrate the contributions of the LHT model to the
production cross section o of the process pp — tf, we
define the relative ratio as follows:

Ot — OsM

R, = , (13)

Osm

where ogy include only the SM contributions. The nu-
merical results for R, as a function of the scale parameter f
for three different X, values with /s = 10(14) TeV are
displayed in Fig. 2(a) and 2(b). One can find that the value
of R, increases as the parameters X; increases and f
decreases. For X; = 0.2 and 500 GeV = f = 2000 GeV,
the value of R, is in the range of 0.2 ~ 0.15. But for X; =
0.8, its value nearly increase to 1, which means that the
correction of the LHT model to the 7 production cross
section can reach 100%.

To see whether the observables can be measured in the
upcoming LHC, in Fig. 3 we plot o, o, by allowing f to
vary from 500 GeV to 2000 GeV and fix X; = 0.4. Here we
also show the required cross sections & for one #7 pair event
produced at the LHC with the integrated luminosity of
300! fb. The cross section & is defined as follows:

1 event
300 b~ 1"

Note that o\ , is the results for \/s = 10(14) TeV, respec-
tively. One can find from our results that at the LHC, the
observable is under the LHC detect ability. So our results
can be detected in the LHC experiments.

The relative ratio R,(Py) for the top-quark transverse
momentum distribution (P7) of the process (11) can be
defined as:

o =

(14)

do/dpr — dogy/dpr
dosy/dpr

The results for R,(P;) at LHC with /s = 14 TeV are
shown in Fig. 4. For 300 GeV = P; = 2000 GeV,
R,(P7) varies in the range 0.55 ~ 0.2, 0.6 ~ 0.4, 0.65 ~
0.5 for f=2000GeV, 1000 GeV and 500 GeV,
respectively.

We can also define a similar observable R;(M,;) related
to the 7 invariant mass M,; distribution as follows

do/dM; — dO'SM/thf
dosy/dM ;

We show the results for Ry at LHC with /s = 14 TeV for

Ry(Pr) = (15)

Ry (M) = (16)
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FIG. 2. R, as a function of the scale parameter f for three different X; values at LHC with /s = 10 TeV(a) and /s = 14 TeV(b).

X; = 0.6 and three f values in Fig. 5. One can find that R4
drop rapidly with mg; increasing. For 500 GeV = m; =
2000 GeV, Rj; is in the range of 0.29 ~ 0.23, 0.28 ~ 0.22
and 0.27 ~0.21 for f =500 GeV, 1000 GeV and
2000 GeV, respectively. Obviously the relative corrections
to the top-quark transverse momentum and 7 invariant
mass distribution are significant and might be detected at
the upcoming LHC experiments.

Finally we consider the #f spin correlations induced by
LHT. We consider the process

pp— tt— LT + X (17)

The double differential distribution can be defined as [15]:

1000 g

100 Frmrmeme

s(fb)

01

001

1E-3 L 1 n 1 n 1 n 1 n 1 n 1 n 1
600 800 1000 1200 1400 1600 1800

f(GeV)

2000

FIG. 3. The LHT model contributions to the production cross
section o as a function of the parameter f with /s =
10(14) TeV. The horizontal solid line corresponds to the cross
section & for one event at the LHC with the integrated lumi-
nosity of 300~ ! fb.

1 do?
o dcosfp+dcost,-

(I + By cosf+ + B, cosb,-

1
4

— Ccosfy+ cosfy-), (18)

where 6+ (6,-) denotes the angle of the charged lepton €*
(€7) with respect to the chosen spin axis & (b) in the top-
quark (top antiquark) rest frame and o denotes the cross
section for the process (17). Here we choose the helicity
basis to analyze the top spin correlation at the LHC. In this
basis, the top (antitop) spin axis is regarded as the direction
of motion of the top (antitop) in the top-antitop center-of-
mass system. The coefficients B; and B, are associated
with a polarization of the top and antitop quarks, and C
reflects the strength of the #f spin correlations. In the
following we focus on investigating C. Obviously, without
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FIG. 4. R, as a function of the top-quark transverse momentum
Py for three values of f at the LHC with \/s = 14 TeV.
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FIG. 5. The ratio R; as a function of M ; for three values of f at
LHC with /s = 14 TeV.

the acceptance cuts, C can be expressed as

++)+o(—=)— o(+-) — o(—+
o et e R e O
o++)+o(—)+ o(+—-) + o(—+)
where o(+ —) denotes the cross section for cosf,+ > 0 and
cosfly- <0, etc. We also define a relative ratio of the ¢ spin

correlation as follows

Ctot - CSM
Csm

In Fig. 6 we plot the relative correction parameter R, as a
function of the scale parameter f and three values of the
mixing parameter X; at LHC with /s = 14 TeV. One can
see from Fig. 6 the ratio R, is sensitive to the parameter X,
and f. For 500 GeV < f < ~2000 GeV, R, varies in the
range [0.01, 0.001], [0.48, 0.05], and [1.18, 0.08] for X; =
0.4, 0.6 and 0.8, respectively. It is clear that in reasonable
ranges of the free parameters, the signals induced by LHT
may be detected at LHC.

R, = (20)
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FIG. 6. The ratio R, as a function of f for three values of X; at
LHC with /S = 14 TeV.
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IV. CONCLUSIONS AND DISCUSSIONS

The LHT model is one of the attractive little Higgs
models. It is not only consistent with electroweak precision
tests but also predicts the existence of the heavy new
particles, such as new heavy top-quark (7., 7T_), new
gauge bosons (By, W}, and Zy) and T-odd fermions.
These new particles might produce the observability sig-
natures in future high energy collider experiments. In
particular, these new particles can generate significant
corrections to the gtf vertex and further contribute top-
antitop pair production. In this paper, we investigate the
relative corrections from LHT to the production cross
section o, the transverse top-momentum distribution
do/dpy and the ¢f invariant mass distribution do/dm;,
etc. for the pp — tf process at LHC. Our numerical results
show that, in most of the parameter space, the LHT model
can give large contributions to these observables. The
possible signatures of the LHT model might be tested at
the upcoming LHC.

tt spin-correlation phenomena can provide valuable in-
formation on top-quark production mechanism and its
decay dynamics, and can be used as good tool to search
for new physics beyond SM. Furthermore, the 7 spin-
correlation C can be measured at hadron colliders. As an
application of our results, we further consider the contri-
butions of the LHT model to ¢ spin correlation. We find
that, with reasonable values of the free parameters, the
relative ratio of LHT to SM for 7 spin-correlation C can
be over 100%.
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APPENDIX

In this appendix, we give the form factors A, ~ H,
appearing in the vertex corrections. Here the vertex of
the Stz where S represents the scalar particle in LHT has
the general form i(gy + g47vs).

First we consider the irreducible triangle-loop correc-
tion, which is given in Fig. 7. Here ¢ is the momentum of

t(p1) t(p1)

9(q)

5(172) E(Pz)

FIG. 7. Feynman diagram for the irreducible triangle-loop
correction.

015011-5



JIN-YAN LIU, ZONG-GUO SI, AND CHONG-XING YUEX

the gluon,# momentum is on shell while # momentum is off
shell. Then the effective vertex can be written as follows:

dil i+ ¢ + mp)
' = —jo.T¢ 25[ . + 5 F
L 8T | G i(gy + gay )—(1 g

i+ F) 1

X Yuineg 3 (l)2 l( gv t gAys) I+ q— p1)2 — mg
=g TaMZG ddl
’ Qm)?
X Ny
[(I + ¢)* = mp[(D* — mp)[(1 + g — py)* — m3]

(AlD)
with
w= @yt eI+ d+mp)y U+ mp)(—gy + 847"
=(gv+ eaV )+ Dy Mgy + 8a7°)
+mp(gy + gav) v l(—gv + 847°)
+mp(gy + AV )+ Dyu(—gv + 247
+mE(gy + gay’)vu(gy + gay?).

1 1
¢ 1672 4[m2 — 2(p, - 9)1(p> - q)*
— 2[2By(p, pas, Mm%, mi)m3 —

2 2

+ Bo(p1 pas, my, m§)mi

X (p1+q) + 41 +2Cy(0, m?, py pay, m¥, my, mi)mz)(ps - q)*}

1 1
1672 (p; - @)lm? — 2(p, - ¢)Im,
+ 2(By(m?, m}, my)m} —

B2, m miym
— Ag(m}) + Ag(m3)(p; - 9))]
1 —1

D.= 848
167 2[m? — 2(ps - ))(p2 - 9)* "
- 2(30(0, m%, m%)m% - 2BU(P1P2s, m%, m%)m%

+ BO(O) mjzf'! m%)m%

(gA + gv){(BO(O mF’ mF)

v[(Bo(0, mf, mp) —

- BO(O, m%, m%)mé + ZBo(Pll’zs» m%, mé)mé - my
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Then we can get:

ig
r,u = 167+ : [A’)/,u + Bplp,éBpl,U,’)/S + Dpl,ud’)/S + Epl,u

+ Fy,ys + Ggy, + Hfvy,vs] (A3)

The form factors for the other diagrams can be obtained in
the same way. The factors in M. and M, are listed bellow.

1. Form factors appearing in M,

L 1
1672 4(p; - q)
— Bo(p1pay, my, m3))(mi — m3 + mi)]
+2(py - @)(=1 + By(ppas, my, m3)

— 4Co(0, m7, pypag, m, my, mg)mp)} — 8Zy

{(g3 + g)(Bo(0, m, m7)

(A4)
(A2)
|

Bo(pIPZs, mF, ms))(mp ms + m; )mt
Bo(m?, m%, m¥)m% — 2Bo(p| pas, m%, my)m% + 2By(m?, m%, m2)m3 + m?
= Bo(m7, mg, mg)mi — 2Co(0, m, py pay, mi, mg, mg)mpm; + Ag(mp) + Ag(m3)]
(AS)
[gAgV( 0(plp2w mF, ms) - Bo(m,, mF’ ms))mz (mF ms + m[)
- BO(plpr m%" mé)mtz + BO(mtzr m%: m%)mtz
(A6)

Bo(p1 P2y, M, mg))mi(my — mg + m;

2

- BO(plpr m%, m%)m? - 2Co(0, mtz’ P1P2s m%, m%, m%)m%m? + Ao(m%) - Ao(mg)](Pz : Q)2

(AT)
E = Sy 2Bl ) — By (S — &) 1
’ m , M - m ) m , M - m
c 1677'2 2( ] 0\P1P2s M, Ng olmi, mg, ms))(g5 — gy)mp + 3 — 2m,(p, - q)
A8
X [(gA + gv)((BO(Plph, mF: ms) - Bo(mz, mF, mS))mt (mF - ms + mt) + Z(Bo(mp mF’ ms)mp (A3)
- BO(mz, mF; ms)ms — By(p1p2s mF, ms)mt - Bo(mt’ mF? ms)mz - AO(mF) + Ao(ms)) “(pr - ‘1)))]}
1 -1
F.= Tom2 m{gAgv[(Bo(Plpzs, m%, m}) — Bo(m?, m¥, m2))(m% — m3 + m?) + 2(=1 + By(p, pa,, m¥, m3)
— 4Co(0, m?, py pas, my, my, mymi)(py - @)1} — 6Z4 (A9)
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1

(BO(O) m2, mZ) - BO(plpr mZ’ mZ))(gZ + g2 )m
Gc = 16772 {CO(Or mtzr P1DP2s m%«“r m%"’ m%)(gi - g%/)mF - E E 2(]71 K q) E S 4 4 t} (AlO)
1 1 2 2 2 .2 2
H, = o2 m[gAgV(BO(pIPZs: mg, mg) — Bo(mg, mg, mg))m,]. (A11)
1
2. Form factors appearing in M,
1
Ae 167T2 4(p2 {(gA )[(BO(mtzJ m%, m%«“) BO(p1p2s’ mS’ mF))(mF - mS + mt)
1
t— (2 - 2BO(PIP2s’ mg’ m%‘) + 4C0(m%’ 0, P1DP2s m%) m%” m%«*)(m% + m%))]} - 5ZV (A12)
(P29

1 1
B = 2+ZB 2) 2,2—B o 2,2 2 +
= o T =30 Ty (@ BB ) = Bo(p o N = i+ m

- Z(BO(mZZ’ m%’ m%‘)m% - BO(pIPZW m%r m%)mF B]st B()(plp2w mS} mF)mS m% + B()(m%: m%‘y m%«“)m%
— Bo(p1 P2 ms’ mF)mt - 2C0(mt’ 0, p1P2gs ms’ mF» mF)mFm, Ao(mp) Ao(ms))(Pz q)
- 4(1 + 2C0(mt’ 0’ P1D2s mS’ mF! mF)mF)(pZ : q)Z]}

(A13)
1 —1 2 2 2 2 2
e = 1677_2 m [m2 _ 2(p . q)](p . q) {gAgV[(BO(m[: mS: mF) - BO(plpzs’ mS’ mF))(mF mS + mt )mt
L1y 2 2
— 2(Bo(m7, m3, mp)mg — Bo(m7, m3, mzp)ms + Bo(mi, m3, mp)mi — Bo(py pay, m3, mp)m;
— Ag(m3) + Ag(m$))(p2 - @)1} (Al4)

1 -1
D = B 2’ 2’ 2y B y 2’ 2 +
= Tom TS T sV Bal ) = By ) i+

— 2(Bo(m?, m3, m¥)m3 — Bo(p pay, m3, m¥)m3 + Bo(m?, m3, my)m} + By(p| pas, m§, my)m} — m?
+ Bo(m%, m%r m%)m[z - Bo(P1P2s, m%r m%)m? - 2C0(mt2’ 0, p1P2ss m% mlzm m%)m%m% + Ao(m%) - Ao(m?g))(l’z : 61)

—4(1 + 2C0(m,2, 0, p1p2ss mé, m%, m%)’"%)(ﬁz ’ 6])2]} (A15)

1
E, = = 22C()(mt’ 0, p1p2s ms; mF, mp)(gA( mp + mt) + gv(mF + mz)) + [(gA(mF zmt)

— gy(mp + 2m,))(Bo(m7, m3, my) — Bo(py pay, m3, m) — 2Co(m3, 0, py pay, ms, m, mg)(ps - q))]
1 1
+ 1672 M{(é’i + g\z/)mt[BO(mtz’ mé, m%) = Bo(p1pas mé, m%)
+ Bo(mz, ms: mF)( mF - ms + mt) + AO(mF) + Ao(ms)
2m?

+ 2C0(m%’ 0! P1D2s m%) m%’ m%«")(pZ . 61)

L Aol + Ag(m3) + Bo(ppag, m3, mip)(my — m — mi + 2(p, - q))]} (AL6)
2[m} = 2(p> - q)]
1 1 2.0 9 2 2
F,= T6m2 m{gAgv[(Bo(m;, m3, my) — Bo(ppas, m3, my))(my — my + m?) + (2 — 2Bo(p pas, m%, m%)
+4Co(m?, 0, pypay, m3, my, m%)(m% + m3){(ps - q)] — 8Z, (A17)
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1 1

G, = 1672 mm,(Bo(m%, ’71%, m%)
= Bo(pi pay mz, mp))(g5 + &7)
+2Cy(m}, 0, py pyy, m§, m¥, m3)
X mp(py - q)(83 — &v) (A18)
H, = ! ! ——— 8agvm[2(Bo(m3, m3, m%,)
167 (ps - q)

- BO(p1p2s’ msy mF))mt + (Bo(mzy m%, m%‘)

+ BO(plpr m%: m%) - ZBO(O’ m%"’ m%‘)
+ ZCO(th’ O’ Pi1P2s m%) m%’ m%)m%

- 2C0(mt2’ O’ P1DP2s m%" m%‘) m%«")m%)(pZ : CI)]’
(A19)

where Ay, By and C, are the well-known one-point, two-
point, and three-point scalar functions [44], which are
given in terms of the Passarino-Veltman scalar functions.
Here we use my (mg) denote the mass of the fermion
(scalar), g is the momentum of the gluon, p;p,, = m, —
2(p, - q) is for 7 momentum off shell and p;p,, = m
2(p, + q) is for t momentum is off shell.

3. Counter terms in Top-quark self-energy corrections

For the renormalization of the ultraviolet divergences
appearing in the evaluation of the vertex and fermion self-
energy corrections we use the counterterm method. The
wave function renormalization constants can be deter-
mined from the top-quark self-energy diagrams, which
can be decomposed in Fig. 8:

2(4) = pL2v(p?) + 2a(pP)ys] + mZs(p?),  (A20)
Here:
Sy = —(g3 + 8})B, (A21)
S, =2g48vB; (A22)
S5 = %f(g% ~ &3)B (A23)
With:

1
B, = z—pz[Ao(m%) — Ag(m3) — (m% — m% + p*)By]
(A24)

By = By(p®, m, m3). (A25)

PHYSICAL REVIEW D 81, 015011 (2010)

W) —— =) = )

FIG. 8. Feynman diagram for top-quark self-energy correction.

In the on-shell scheme, the finite parts of the counter terms
are determined by the requirement that the residue of the
fermion propagator is equal to one, which fixes the wave
function renormalization constraints by

d
8Zy = —3y(p* = mj) — thza—pz(zv + ) |p2:m3

(A26)
8Z, = =2 ,(p* = m?) (A27)
d
= 3g(m7) — 2m128—p2(zv +2g) [pope  (A28)
In the LHT model, they are given by
1 gag
0Zy = 167 fn,v[ o(ms) - AO(mF)
+ (m3 — (ms) + m?)By] (A29)
1 gita
0Zy = 672 %[Ao(mﬁ) — Ag(mi)
+ (mF mS + m?)]By(m?
+ (g + g m = )
— (¢4 — g3)2mmp]By(m?); (A30)
_ 1 2 4 2 2 4 2
om; = — @[2(& +gy)mmp + (g3 + 8v)
1 1
X (m3. — m% + m?)]B(m3?) +_16 o
X{(ga + &gV[Ao(m3) — Ag(mE)]
+[(g5 + gP)mp — m3) + (g5 — gp)mmp]
X Bo(m)}; (A31)
with
By(m7) = Bo(mz; mg, my),
(A32)

B6(m12) = Bo(mt N ms: mF) |

aP?
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