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Pair production of scalar leptoquarks at Tev energy pp colliders
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Scalar leptoquark pair production in high energy p-proton collisions is investigated. We show that
future TeV energy pp colliders are convenient places for searching for scalar leptoquarks up to the
masses of a few TeV.
PACS number(s): 14.80.—j, 12.60.—i, 13.60.—r

In spite of the fact that the standard model (SM)
has provided a satisfactory basis to describe elementary
particles up to presently available energies, the large
mass difI'erence among fermion generations, 6ne-tuning
between Fermi and Planck scales, etc. , make some exten-
sions appealing. The extensions of the SM such as super-
symmetry (SUSY), technicolor, preonic models, and ex-
tended electroweak symmetry exhibit a very rich particle
spectrum which includes many new states. If one takes
into account preonic models as an extension of the SM,
some of these states are the excitations of the known par-
ticles (leptons, quarks, and vector bosons) and the others
carry unusual quantum numbers. Leptoquarks are the
particles which carry both lepton and baryon numbers.
It is believed that such particles, if they exist, should give
their signals at the TeV energy scale.

Along side the familiar large pp colliders and linear
e+e machines, the interesting possibility of pp colliders
has been discussed [1—3] in order to reach the TeV scale at
a constituent level. The collision of protons available at
large hadron machines with electrons from linacs seems
to be the most realistic way to achieve the TeV scale at
a constituent level. The construction of pp colliders will

I

be possible on the basis of linac-ring-type ep machines

[1,4, 5] by using inverse Compton scattering of laser pho-
tons through electrons. This was originally proposed for

pe and pp colliders [6—9]. Recently, physics at pp and
pe machines have been widely investigated [10—14]. Re-
search programs of pp colliders were discussed in [15]. In
[16] excited quark production in pp collisions was inves-

tigated.
In this work we deal with the expected signals of pre-

onic models at different proposed pp colliders by studying
pair production of scalar leptoquarks. Single production
of scalar leptoquarks at the same colliders has already
been discussed [17].

The most general SU(3)c xSU(2)~xU(1)y invariant
interaction Lagrangian of various leptoquark types with
usual fermions has been given in [18] and Ref. [14]. The
types and charges of leptoquarks in connection with their
chirality and SU(3)c representations based on the above
mentioned Lagrangian are given in Table I. The sub-
processes for pair production of scalar leptoquarks in p-
proton collision are represented by the Feynman ampli-
tude

M=M +Mg+M„

1
M = g, eQS,

k 2 2 T e„(pg —p2 —kg) "e„(2pg —kg)",
(pg —kg 2 —Ms2

(2)

1
Mb = g.eQs, „, ,T e„(2pi —ks)"e-(pi —p2 —k2)"

(pg —k2 2 —Ms2 (3)

M, = 2g, eQsT e„e„g—" (4)

where eQs and Ms are scalar leptoquark charges and
masses, respectively; e„and e denote gluon and photon
polarization vectors and T = "2 is the SU(3)c matri-
ces. g, is connected with the running coupling constant
of strong interactions by g, = 4xo., and e is given by

= 4~a. . A:~, k2) p» and p2 are the four-momenta
of the photon, gluon and leptoquark pair. As can be
seen I'rom the amplitudes (1)—(4), unlike single lepto-
quark production, the coupling constants are model in-
dependent. Therefore, the pair production cross sections

Types

Sg

S3
R2
R2

Qs
—1/3
-4/3

—1/3, —4/3, 2/3
5/3, 2/3

2/3, —1/3

Chirality

LH
RH
LH
LH
LH

SU(3)c

3
3
3*
3*

TABLE I. Types and properties of scalar leptoquarks (S)
which can be produced in pp collision. LH denotes left handed
and RH right handed.
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TABLE II. Parameters of pp colliders and discovery limits for scalar leptoquark masses Ms(s).
The numbers in parentheses in the last two columns stand for the case of 25 events/year.
s~p" ——0.83s,~.

Machines

HERA+DLC
UNK+ VLEPP
LHC+CLIC
LHC+TESLA
LHC+Linac1
SSC+NLC
SSG+LSC
SSC+Linac2
Fermilab+NLC
Fermilab+Linac1

gs p

(TeV)

1.28
3.46
7,85
5.50
3.04
8.94
28.3
8
2

1.1

(10 cm s ')
25
30
50
500
500
350
200
800
20
60

Ms(5/3)
(TeV)

0.27(0.32)
0.53(0.68)
o.oo(1.2s)
1.15(1.37)
0.75(0.85)
1.50(1.87)
2.as(a. so)
1.60(1.90)
0.35(0.42)
0.27(0.30)

Ms (—1/3)
(TeV)

0.12(0.18)
o.23(o.34)
0.30(0.53)
0.62(0.85)
o.4s(o.6o)
0.67(1.00)
0.70(1.25)
0.85(1.15)
0.15(0 22)
0.16(0.22)

should be more reliable than the case of single produc-
tion.

The total cross section for the subprocesses pg
S+S is given by

where

0(s) = N ~n ~ca
2P(2 —P) + (I —P ) 1n

(5)

The number N, = I/2 results from the average over all
incoherent color summation.

Integration over the photon spectrum and gluon dis-
tribution should be carried out to obtain the total cross
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FIG. l. (a)—(i) Production cross sections of the scalar leptoquarks as a function of their masses for various colliders.
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section for the process pp —+ S+S X:
0.83 1

g= d7- —
&

— X) 0 7S
r/0. 83

1 1 4y

1.84 (1 —y) ((I —y)

4y2

I!'(I — )' ' (8)

+mlD
4Ms

) S=7S)
1

P(z, Q ) = —(2.62+ 9.17z)(1 —z) '

where f~(y) is the energy spectrum of the backscattered
laser photons from electrons Ref. [7] and G(z, Q2) is the
gluon distribution function [19] in the proton:

with ( 4.8. The strong coupling constant n, has
been evaluated at Q2 = s/2 using the parametrization
of Eichten et al. , set 1 in Ref. [19].
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FIG. 1. (Continued).
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In numerical calculations we have considered various

pp machines and used their proposed parameters given
in Table II (see Ref. [3]). One should note that the lumi-
nosities correspond to the recent parameters of proposed
e+e colliders [20]. The cross sections are plotted in
Figs. 1(a)—(i) as a function of scalar leptoquark masses.

Leptoquarks decay into a lepton and a quark. The sig-
nature for the pair production will be (a) 2 jets +EL, (b) 2

jets+tv, or (c) 2 jets+tv. Furthermore, the leptoquark
signal has a sharp invariant mass peak in Mgz at Ms,
and jets in leptoquark decay will be widely separated.
Signal (a) is the most striking one for the existence of
leptoquarks. Since Gnal states can easily be recognizable,
we take 100 events/year and 25 events/year as discovery
limits for leptoquark searches. Using the luminosities 2
from Table II and computed cross sections from Fig. 1 we
obtain upper limits for leptoquark masses. The results

are presented for two kinds of leptoquark charges in the
last two columns of Table II. As seen from Eq. (5), the
cross section is simply proportional to the square of the
leptoquark charges. So the upper mass limits increase as
the charges take larger values.

In this paper we have studied the pair production op-
tion of scalar leptoquarks. Because of the model inde-
pendency of the coupling constant, the pair production
will be preferable in most cases. It turns out that pp
colliders will be useful machines in order to find evidence
for the existence of leptoquarks up to masses of few TeV.
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