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We study the production of composite scalar leptoquarks in hadronic colliders (CERN pp, Fermi-
lab Tevatron pp, and the Superconducting Super Collider pp). We examine its direct single produc-

tion via qg — I +leptoquark, and its effect on the production of lepton pairs ((Zz)p —I1*t17).

I. INTRODUCTION

The standard electroweak theory provides a very satis-
factory description of elementary-particle phenomena up
to the presently available energies. However, the prolif-
eration of fermion generations, the complex pattern of
their masses and mixing angles, and the unnaturalness of
the Higgs sector make substructure models somewhat ap-
pealing. Composite models exhibit a very rich spectrum
which includes many new states such as excitations of the
known particles (leptons, quarks, and vector bosons) and
bound states which cannot be viewed as excitations of the
familiar particles since they carry rather unusual quan-
tum numbers. Among these, there are leptoquarks which
are particles carrying lepton and baryon number. Lepto-
quarks are also present in a variety of theories beyond the
standard model such as some technicolor schemes! and
grand unified theories.? In this work we study the pro-
duction of scalar leptoquarks in the context of the
Abbott-Farhi model.’

The Lagrangian of the Abbott-Farhi model has the
same form as the standard model one with the usual field
assignments. However, the parameters determining the
potential for the scalar field and the strength of the
SU(2), gauge interaction are such that no spontaneous
symmetry breaking occurs and the SU(2); gauge interac-
tion is confining. This model is essentially the confining
version of the standard model and is also called the
strongly coupled standard model (SCSM). Weakly in-
teracting physical particles, such as left-handed fermions
and intermediate vector bosons, are composite SU(2),
singlets due to the strong SU(2), force. For instance, the
physical left-handed fermions are bound states of a
preonic scalar and a preonic dynamical left-handed fer-
mion. Provided some dynamical assumptions on the
model hold true, it has been shown? that the predictions
of the SCSM are consistent with the present experimental
data.

We denote the preonic left-handed fermions by 9,
with the flavor index a running from 1 to 12 for three
families. ¥7 belongs to a 2 representation of the SU(2),
and to the (0,1) representation of the Lorentz group.
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The scalar leptoquarks in the SCSM are bound states of
the form 1/1“,_1/12, where 9§ carries baryon number while
Y8 carries lepton number. We define S as the interpo-
lating field for the scalar leptoquarks. S?° is antisym-
metric in its flavor indices due to Fermi-Dirac statistics.
The electric charge of S?° is —1 and it belongs to the 3
representation of SU(3) ;-

Since the SCSM cannot be analyzed perturbatively at
the energy scale of interest, we describe the interaction
between leptoquarks and physical left-handed fermions
by an effective Lagrangian. We assume that the low-
energy interactions of S are described by

Lim=%9-(SJbL“TCTZL”+H.c.) , (1.1)
where L? stands for physical left-handed doublets under
the global SU(2) symmetry of the model.’ C is the
charge-conjugation matrix and 7' are the Pauli matrices.
The above .L;, conserves baryon and lepton number,
charge, and color.

The absence of experimental evidence for composite-
ness constrains the low-energy phenomenology of the
SCSM. These constraints can, in principle, place bounds
on the leptoquark mass (M) and coupling constant
(Ag). In practice, contributions from other states soften
these bounds,® so that M4 and A,, can be considered
free parameters. However, an educated guess for the
coupling A, can be made as follows. Since the Z and the
Ws are bound states of two preonic fields in the SCSM, it
is natural to assume that the coupling of leptoquarks to
physical left-handed fields is of the same order of the cou-
pling of these fermions to W’s and Z. Therefore, we ex-
pect A, to be of order 1.

Experimental searches for leptoquarks in e *e ™ collid-
ers’ have established a lower limit on M of 20 GeV (for
muon quarks only), while the searches in pp colliders®
yield a lower limit of 33 GeV [for leptoquark decaying
into jet+(u or v)].

In Sec. II we analyze the production of single lepto-
quarks in hadronic colliders. We study indirect evidence
for leptoquarks in Sec. I1I, and in Sec. IV we conclude.
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II. PRODUCTION OF SINGLE LEPTOQUARKS

The production of a single leptoquark in hadronic col-
liders must be associated with that of a lepton since
baryon and lepton numbers are conserved by the effective
Lagrangian (1.1). This occurs via the subprocess

quark + gluon— leptoquark +lepton ,

whose relevant Feynman diagrams are shown in Fig. 1.
The elementary cross section for this subprocess is,
neglecting lepton and quark masses,

(—)
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where 7= —1(8 —M{)(1— cosf), and 6 is the scattering

angle between the quark and the leptoquark in the c.m.
frame of the subprocess.’

In order to evaluate the cross section for the process pp
(or pp)—leptoquark +anything, we must fold (2.1) with
the appropriate structure functions, i.e.,

gl s X)=[ ¢ y yf dT[F(\/TeyQZ (V7e ™%0%)+G (Vae! QF (Ve 0] [ az ds‘"g‘e . (2.2a)
where y, is the cut in rapldlty:
dasingle =@ dasingle , (2.2b)
dz 2 dr
2
B=1—-—2 (2.2¢)
N
and
zy=Min I—B——tanh(yc —y)1 } . (2.2d)

Mi, /3

The factor Fin (2.2) is 2u, +u, +2¢, for X =1%, and 2d,+d,+2s, forX—— v

we obtain

z dé ar [z
® gp—sngle — 57 120 (12414 7)In

(1—z5)+n(1+2z,)

. Setting the couplings A, equal to A,

71—z

0
I dz 965 | 4

where n=M1, /3.

In the numerical calculations, we have evaluated the
strong coupling a;, at § and we have used the Duke-
Owens set-I structure functions.'® Imposing a rapidity
]yc| <2.5, and taking A to be 0.6, 1.2, and 1.8, we evalu-
ated 0 g for the CERN collider (Vs =630 MeV), the
Fermilab Tevatron (Vs =2 TeV), and the Superconduct-
ing Super Collider (SSC) (Vs =40 TeV). Our results are
summarized in Figs. 2—-4. We have verified that the use

FIG. 1. Feynman
q +g—1+leptoquark.

diagrams for the subprocess

(1+20)+7l(1*20)

+n(1—mn)zy+ , (2.2e)

7]+%(1—77)2(1—z(2,)

of another rapidity cut (| ycl < 1.5) does not alter sensibly
the above results.

Since a leptoquark can decay into a pair Ig or vq’, the
characteristic signals for the single leptoquark produc-
tion are

(a) jet+v,+7, (b)jet+I1T+'Y,,
or
(c) jet+1++1" .

Signal (a) corresponds to a monojet final state. Al-
though this signal is quite striking it will be overwhelmed

by standard-model processes such as ( p’p —Z(—>vwW)+g
(or g), which are expected!® to have a much larger cross
section than the single leptoquark production. The same
is true for signal (b) since standard- model subprocesses, !

such as the productions of W(—»I* +g (or g), yield
the same signal with larger cross sections. Introducing
cuts may help distinguish signals (a) and (b) from the
background.

Signal (c) provides the cleanest signature for the ex-
istence of leptoquarks. Standard-model backgrounds,

such as (E)p—-»Z(—>l+I')+q (or g), can be eliminated
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FIG. 2. Cross section for the production of pairs: (a)

1% +leptoquark and (b) (;)+1eptoquark at the CERN collider.
Solid, dashed, and dotted lines correspond to A=1.8, 1.2, and
0.6.
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FIG. 3. Same as Fig. 2 for the Tevatron.
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FIG. 4. Same as Fig. 2 for the SSC.

by discarding events in which the invariant mass of the
lepton pair is close to the Z mass. The possibility of
QCD events faking this signal deserves further study. (A
careful Monte Carlo analysis of the background is need-
ed.)

In order to establish the existence of leptoquarks we re-
quire the occurrence of 500 events/yr yielding
It +1" +jet. Since the couplings Sq/ and Sg'v are ex-
pected to be approximately equal we take
oIt +1" +jet)=0(S+1%)/2. From Figs. 2-4 we can
infer that for A equal to 0.6 (1.8) the maximum M/, ob-
servable is 35 (50) GeV, 60 (90) GeV, and 1.3 (2.0) TeV
for the CERN, Tevatron, and SSC colliders, assuming in-

tegrated luminosities of 10°7, 10%7, and 10** cm ~2yr .

q 1
Y12,
q 1
q : 1
Is
q : t
FIG. 5. Feynman diagrams for the subprocess
q+qg—l R A
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FIG. 6. do/dM for dilepton production at the CERN: (a)
M, 4=50 GeV and (b) M =100 GeV. The solid, dashed, and
dotted-dashed lines correspond to A=0, 0.6, and 1.8, respective-
ly.
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FIG. 7. do/dM for dilepton production at the Tevatron: (a)
M 4=50 GeV and (b) M, =150 GeV. Same convention as in
Fig. 6.
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FIG. 8. do/dM for dilepton production at the SSC: (a)
M, 4=100 GeV and (b) Mo =700 GeV. Same convention as in
Fig. 6.

III. INDIRECT EVIDENCE FOR LEPTOQUARKS

The existence of composite leptoquarks can also be in-
vestigated through their effects in dilepton production'?

((‘E)p—»I*l_). Since they couple to both leptons and
quarks, there is a new channel to this process in addition
to the usual ¢ ¢ —7,Z —1"1". The relevant Feynman
diagrams are shown in Fig. 5. The elementary cross sec-

tion is given by
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FIG. 9. 0(A+£0)/0(A=0) for CERN. The solid and dashed
lines correspond to A=1.8 and 0.6.
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FIG. 10. Same as Fig. 9 for the Tevatron.
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where M, is the mass of the Z boson, 6y, is the weak
mixing angle, the charge of the quark is —ge, and, with
our conventions,

Cy=I,+2gsin’0y, C,=I,.

The distribution in invariant mass of the pair can be ob-
tained through

do _2M y* ~ ~ _
ag _ M (Vzeg (Ve Y
M~ s %f—y*[q'( et (Ve

~- — 2 ,dé

+q,(V7e y)qj(\/‘rey)]f_z()dz—dz )

(3.2)

where the above summation is over the relevant quark
species, M2=3%,7=% /s, and

y*=Min (yw ln%

The results for CERN, Tevatron, and SSC are shown
in Figs. 6-8. (We considered only one kind of final lep-
ton when obtaining Figs. 6—8.) From these we can see
that the d o /dm distribution is sensibly modified at large
M provided that the coupling (A) is larger than 1.

In order to verify the possibility of observing this sig-
nal we computed the ratio o0(As£0)/0(A=0), where o is
the cross section for producing dileptons with P, larger
than a given value Pr,. From Figs. 6-8 we see that the

higher the cut PTo’ the easier it is to search for deviations
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FIG. 11. Same as Fig. 9 for the SSC.
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|
from the standard model (A=0). Taking P to be 60,

75, and 500 GeV for CERN, Tevatron, and the SSC, re-
spectively, we obtain Figs. 9—11. Requiring this ratio to
be approximately 2 in order to establish the existence of
leptoquarks, we should be able to look for leptoquarks
with masses up to 130 GeV, 150 GeV, and 1.3 TeV at
CERN, Tevatron, and SSC (taking A=1.8).

IV. CONCLUSION

We have studied two effects of leptoquarks on the out-
come of hadronic colliders. The direct single production
of a leptoquark can be best observed as a jet plus a lepton
pair in the final state, where the invariant mass of the
pair differs from the Z mass. This kind of process can be
observed at CERN, Tevatron, and SSC for leptoquark
masses up to 50 GeV, 90 GeV, and 2 TeV.

An indirect evidence for the existence of leptoquarks
can be seen due to the additional channel for

(I) )p—>1+l ~. This reaction enables CERN, Tevatron,
and SSC for leptoquark masses up to 130 GeV, 150 GeV,
and 1.3 TeV.
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