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Abstract

The contributions of G’-boson predicted by the chiral color symmetry of quarks to the
cross section o(pp — tt) and to the charge asymmetry Ac(pp — tt) of ¢t production at the
LHC are calculated in dependence on two free parameters of the model, the G’ mass mg
and mixing angle 0. Using the current CMS data on o(pp — tt) and Ac(pp — t) the lower
mass limits for G’-mass in dependence on 6 are discussed. It is shown that the lower mass
limits for G’-boson resulting from CMS data exceed the G’-mass region of 1o consistency
with CDF and DO data on the forward-backward asymmetry A%, of t¢ production at the
Tevatron.

1. Introduction

The search for a new physics beyond the Standard Model (SM) is now one of the aims of
experiments at the LHC. There is a lot of the models predicting new physics effects at energies
of order of one or a few TeV and which can be verified at LHC.

One of the simplest extensions of the SM can be based on the idea of the originally chiral
character of SU.(3) color symmetry of quarks i.e on the gauge group of the chiral color symmetry

G. = SULB3)xSUR(3) Y5 SU.(3), (1)
L R
ak, Gk - Gy, G,
gr, 9dRrR - gst(Mchc) = ILIR
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which is assumed to be valid at high energies and is broken to usual QCD SU.(3) at low energy
scale.

The immediate consequence the chiral color symmetry of quarks is the prediction of the
new gauge particle — axigluion G4 (in particular case of g; = gr ) or G’-boson (in more
general case of gr, # gr ):

N { axigluon G4 for g = gp,  [1-4],
¢ G’ —boson for g; # gr, [5-8].

After the chiral color symmetry breaking the G’-boson picks up the mass
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n is the VEV of the (31,3r) scalar field ®,3 of the group G, which breaks the chiral color
symmetry, «, 3 = 1,2,3 are the SUL(3) and SUg(3) indices, sg = sinfg, cg = cosfg, g is
G — G® mixing angle, tg0g = gr/9gr.

So, the G’-boson is the massive octet-colored gauge particle with vector and axial vector
coupling constants to quarks of order g4 and it can give rise the increase of the cross section
and the appearance of the charge asymmetry of ¢¢ production at the LHC (as well as of a
forward-backward asymmetry in ¢¢ production at the Tevatron)

N o(pp — tt), Ac(pp — tt) at the LHC,
o(pp — tt), App(pp — tt) at the Tevatron.

The current CMS data on cross section o, [9] and charge asymmetry Ac [10] of the ¢t
production at the LHC are

o, = 165.8 + 2.2(stat.) & 10.6(syst.) + 7.8(lumi.)pb(= 165.8 + 13.3pb), (3)
A = 0.004 4 0.010(stat.) & 0.012(syst.)(= 0.004 + 0.015). (4)

The SM predictions for o7 [11] and Ac [12] are

O_i\t[NLOapprox _ 1631-%(1) pb, (5)
APM = 0.0115 %+ 0.0006. (6)

We discuss below the cross section and charge asymmetry of the t¢-production at LHC
with account of the contributions of the chiral color symmetry G’-boson and of the SM pre-

dictions (5), (6) and analyse the mass limit for chiral color symmetry G’-boson resulting from
CMS data (3), (4) on tt-production at LHC.

2. Cross sections and charge asymmetry of the parton processes qgq, gg — tt

The interaction of the G’-boson with quarks can be written in model independent way as

EG’qq = gst(Mene) qy* (v + CL’yQGLq

where v and a are the vector and axial-vector coupling constants, G;L = Gﬁti, ti,1=1,2,..,8
are the generators of SU.(3) group.
The gauge chiral color symmetry group (1) gives for v and a the expressions

G =G _ oo (260) L 1/sin(200)
e = = = 1n .
v Elele conbe), @ 2sqca > ¢

So, the gauge chiral color symmetry model has two free parameters, G’-boson mass mg (2)
and the G — G mixing angle 0.

In the process qg — tt of tt production in ¢g collisions the momenta of initial quarks in
collinear limit can be written as

pq = {Eqa[))oquz}a pq = {8670707])(12}

with § = (pg + pg)*
The momenta of the final ¢- and t-quarks can be written as

pr = {\/pier?chyt, Pl Ply, \/pier?shyt}, (7)
V43 pprTmychyg, Pla, —Ply, \/P] T My SNy
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where
1 i + Diz > . -
y:_m(i . i=tt 9
2 i — Diz ©)
are the rapidities of ¢- and ¢-quarks and p i, p., is the the transversal momentum of ¢-quark.
It is convinient below instead of the rapidities (9) to use the variables

Y = y+up =y — i
The conservation of the 4-momentum fixes for Y and p | the values
?:ln<€q+€q+pqz+pqz>’ ﬁi—Fm%: 5 _
eq + €7 — (Pgz + Pgz) 4ch2(2/2Y)

whereas z varies in interval

—20< z < 2, 20 = Y Ay, th(Ayo/2) = /1 —4m?/5 = .

. _9.G - .
The total parton cross section of the process ¢q %5 & with account of the G'-boson for
mg < m?, 5 in tree approximation can be written as

L0(aq S 1) = okS(qq — ) + Ack? (qg — 1)
where
_ dr 3
oklai— 1) = T2 a2(uw) (3 - )

is the the total parton cross section of tree approximation in the SM and

4m B ZQS(M)O‘S(MchC) 2(3 - mG )(3 52)

27 (8 —mZ,)? +T%,m2,

0F (Mene) 5(v? + a®) [v*(3 — %) + 20267 }
§—m2,)?+T%,m2,

Aaé,o (qq — tt)

S
(10)
(
is the contribution induced by the G’-boson.
One can define the charge difference of the parton cross section of the process g7 — tt as

Ac(qq — tt) = o(qq — tt,z > 0) —o(qq — tt, 2 < 0). (11)

G . . . ~ .
For of the process ¢¢ 22 4 in tree approximation for mg < m?, § the charge difference takes
the form

A S ) = A - [Pt (12)
where
AGS) Ar3%a? s () s (Mene) (8 — mgy) + 203 (Mepe 0?3 (13)
9 (8 —mZ,)? +mZT%,
and
f(Pg:pg) = Pq2Eq — Pg2Eq (14)

is the antisymmetric under permutation g < ¢ function of the momenta of the initial quark
and antiquark.

As concerns the process gg — tt of tt production in gluon fusion the G’-boson does not
contribute to this process in tree approximation. The total parton cross section of the process
gg — tt in tree approximation of the SM is well known and has the form

0§99 — tt) =

:”‘z( 2 (8* 1832 +33) lo g<
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3. Charge asymmetry and cross section of the t{-pair production at the LHC

The charge difference of the parton cross section (11) results in the appearence of the corre-
sponding charge difference A¢(pp — tt) of the tt-production in pp-collisions. One usually uses
the charge asymmetry of tt-production in pp-collisions defined as

o(pp = tt,2 > 0) —a(pp — tt,2 <0) _ Ag(pp — tf)
o(pp — tt) ~ o(pp—tt)

Ac(pp — tt) =

With account the G’-boson the charge asymmetry Ac(pp — tt) can be written as the sum
_ SM G’
Ac(pp — tt) = A" (pp — tt) + Ag (pp — tt)

of the charge asymmetry AgvM(pp — tt) in the SM and of the contribution induced by the
G’'-boson

) G’
AL (pp ™5 )
o(pp — tt)

AG (pp—tt) =
where AL (p ey tt) is the contribution of the leading order into the charge difference
Ac(pp — tt) from the G’-boson.

The contribution of the G’-boson into the charge difference in the leading order has been
calculated with account of (12), (13), (14) as

7G/
AE (pp *5 tt) = 2//FZPC(ZEh$2)A($13§‘28)d$1d$2,

where A(z1225) is defined by (13) with 8 = x129s, s = (P +P2)?, the integration is performed
over the region D;

Dlzx%/xlga:ggxl, o <z <1, J;g:4mf/s

and the function ngc (z1,22) is defined by the parton distribution functions of quarks and
antiquarks as

ngc(xl’x2) = Z [ 5k($1)fqpk($2) - fgk(xl) 5k($2)]
k
and is nonzero because of difference of the PDF of the (valence) quarks and (see) antiquarks in
proton (the sign minus appears due to the antisymmtric function (14)).
The cross section of tt-production in pp-collisions is expressed in terms of the parton cross
sections o(ij — tt) and the parton distribution functions fX(z1), f]p (22) in the usual form

otpp =10 =Y [[ a0 e ol — thdards, (1.5 = adi.9).
4,J

The parton cross sections o(ij — tt) can be written as the sum of the SM cross sections
osm(ij — tt) and the contributions Ack? (ij — tf) induced by the G’-boson

o(ij —tt) = osm(ij — tt) + Aol (ij — ti).
The SM cross sections ogy(ij — tt) can be written as the expansion

osm(ij — ) = a? [agpd(ij — 1) + a0l (15 — tE) +
+ a2l — 1) | + 0@, as=ay/m
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Figure 1: Cross section o(pp — tt) of tt production at the LHC as a function of the G’ mass m¢
in dependence on the mixing angle 05, (y/s = 7TeV).

so that

0) .. .. . _ .
a2o(ij — 1) = obQ(ij — 1) for i=qu(dr)g, j =q(ar)g
are the SM cross sections of leading order and

1,2),.. (1,2) -
UéM)(U_}tﬂ = 07;(,j )(s>mt>,u7"muf)

are the perturbation corrections of the first two orders of the perturbation theory. For these

corrections we use the expressions &Z-(1j72)(§, my, o, pof) of ref. [13].

For the the G'-boson contributions AO‘%;Q (ij — tt) we use the expressions (10)
AO’%;/O(ZJ — ti) = Aaép(qqu — ta for = qk(qk), j = (jk(qk)

4. Results and discussion

We have calculated and analysed the cross section o(pp — tt) and the charge asymmetry
Ac(pp — tt) of tt-production in pp-collisions in the form

olpp —tt) = osu(pp — th) + Aot (pp — th),
Ac(pp — tt) = AZM(pp — tt) + AG (pp — th).

We use the parton distribution functions MSTW2008 with (Q% = p, = py = my) [14].
For ogm(pp — tt) as a result of calculation we have obtained the value

2+7

osm(pp — tt) = 16275 pb

in agreement with CMS experimental value (3). For the SM contribution into the charge
asymmetry A2M (pp — tf) we have used the value (6).

The cross section o(pp — tt) and the charge asymmetry Ac(pp — tt) of tt-production in
pp-collisions at the LHC are shown in fig. 1, 2 as the functions of the G’ mass m¢ in dependence
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Figure 2: Charge asymmetry Ag(pp — tt) = AgM (pp — tt) + Ag (pp — tt) of tt production at
the LHC as a function of the G’ mass m¢ in dependence on the mixing angle 6, (v/s =7 TeV).

on the mixing angle 05, (/s = 7TeV). The experimental values of the cross section (3) and
of the charge asymmetry (4) and the corresponding experimental errors of 1o are indicated by
the horizontal lines.

As seen, for the masses of the G’ mass of order or larger 1 TeV for appropriate mixing
angles the cross section and the charge asymmetry can be in agreement with CMS experimental
values (3) and (4).

The fig.3 showes the regions in mg — 6 plane which are consistent within 1o with CMS
data (a) on the cross section o(pp — tt) (3) and (b) on the charge asymmetry Ac(pp — tt) (4),

(v/s =TTeV).

One can see from the fiq.3 that, for example, for the mixing angles
a) 0g = 45° (axigluon), b) 6 = 30°, ¢) 0g =15°
G’-boson with masses
a) mga > 1.0TeV, b) mg: > 1.1TeV, ¢) mg > 1.7TeV

is consistent within 1o with the CMS data on the cross section o(pp — t¢t) and on the charge
asymmetry Ac(pp — tt) of tt production at the LHC.

It should be noted however that G’-boson can have also the mass limits from another sourses.
For example, G’-boson interacts also with the light quarks and could manifest itself as the peak
in the light quark dijet production and unobservation of such peak gives the corresponding lower
limit on G’-boson mass which can be more stringent than those resulting from t¢¢ production.
Nevetheless the limits on G’-boson mass obtained in this paper from the t¢ production are
interesting as independent ones.

The region in mg — O plane which is simultaneously consistent within 1o with CMS
data on the cross section o(pp — tt) and on the charge asymmetry Ac(pp — tt) should be
compared with the regions which are consistent within 1o with CDF and DO data on the cross
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Figure 3: The m¢g — 6 regions consistent within 1o with CMS data (a) on the cross section
o(pp — tt) and (b) on the charge asymmetry Ac(pp — tt) of tt production at the LHC,
(Vs =T7TeV).

section o(pp — tt) and on the forward-backward asymmetry App(pp — tt) of t¢ production at
the Tevatron.
For this comparision we use below the current Tevatron data on t¢-production

CDF:  o,;=7.5+0.48pb [15], (
At =0.162 +£0.047 [16], (1.60 above the A% 5 of SM) (16

DO: o4 =7.56T0%pb [17], (

Al = 0.196 +0.065 [18], (1.50 above the A% of SM) (

and the corresponding current SM predictions

o INLOapprox: _ 7 o8 + 0.36pb [11] (19)

tt

A = 0.087(10) [12]. (20)

We have calculated and analysed the cross section o(pp — tt) and the forward-backward
asymmetry App(pp — tt) of ¢t production at the Tevatron with account of the contributions of
G’-boson and of the SM predictions (19), (20). We have found the regions in m¢ — 6 plane
which are consistent within 1o with CDF and DO data on the cross section o(pp — tt) and on
the forward-backward asymmetry Apg(pp — tt) of ¢t production at the Tevatron.

The fig.4 showes also the regions in mg — ¢ plane which are consistent within 1o with CDF
data (15), (16) (curve(c)) and with DO data (17), (18) (curve(d)) on the cross section o(pp — tt)
and on the forward-backward asymmetry Apg(pp — tt) of tt production at the Tevatron. As
seen from fig.4, the regions (c) and (d) are below the lower G’-boson mass limits resulting from
CMS data (3) and (4) and reproduced here by the curves (a), (b).

5. Summary

In conclusion we summarize the results of the work.
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Figure 4: The same in comparision with the regions consistent within 1o with (¢) CDF and (d)
DO data on the cross section o(pp — tt) and on the forward-backward asymmetry Apg(pp — tt)
of tt production at the Tevatron.

e The contributions of G’-boson predicted by the chiral color symmetry of quarks to the
cross section o(pp — tt) and to the charge asymmetry Ac(pp — tt) of t¢ production at
the LHC are calculated in dependence on two free parameters of the model, the G’ mass
mg¢ and mixing angle 6.

e Using the current CMS data on o(pp — tt) and Ac(pp — tt) the lower mass limits for
G’-mass in dependence on f¢ are obtained. In particular, the axigluon (65 = 45°) with
masses

mga > 1.0TeV

is shown to be consistent within 1o with the current CMS data on o(pp — tt) and
Ac(pp — ).

e The lower mass limits for G’-boson resulted from these CMS data exceed the G’-mass
region of 1o consistency with CDF and DO data on the forward-backward asymmetry
A%B of tt production at the Tevatron.
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