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Abstract

We examine the prospects of searching for dilepton gauge bosons in ¢~ p colliders. Specifically we takec a SU(3)c X
SU(3). x U(1)x model and calculate the cross section for the process, e~ p — et + D + anything, mediated by doubly-
charged dilepton gauge bosons, where D is a new quark predicted by the model.- At HERA, with center-of-mass energy
Vs = 214 GeV and the integrated luminosity 100 pb_', we can obtain he signature of dileptons with mass up to 340 GeV
(650 GeV) if D has a mass lighter than 200 GeV (150 GeV). At LEPI-LHC, with center-of-mass energy /s = 1790 GeV
and an anticipated luminosity 6 fb~'yr—!, we expect more than 280 events per year provided that both the mass of dileptons

and that of the I»-quarks is less than I TeV.

Although the Standard model (SM) of electroweak
and strong interactions has been quite successful in
explaining current experimental data, there have been
proposed, up to now, a variety of unified models
which extend the SM. Among them there is a class of
theories [ 1-6] in which there appear SU(2)-doublet
gauge bosons (X¥F,XF¥) carrying lepton number
L = £2. Hereafter, we refer to these gauge bosons
as dileptons. In these models each family of leptons
(I*,v;,17), transforms as a triplet under the gauge
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group SU(3) and the total lepton number defined as
L = L.+ L, +L; is conserved, while the separate lep-
ton number for each family is not. The gauge group
SU(3) will be, for example, an SU(3); in the SU(15)
grand unification theory model [2] or an SU(3). in
the SU(3)¢ x SU(3) ., x U(1)x model [5].

The dilepton masses are generated when the SU(3)
gauge symmetry is spontaneously broken at the scale
which could be as low as 250-2000 GeV [2,5,7].
and thus they may possibly be in the range accessi-
ble to accelerator experiments. The signatures for the
existence of dileptons have been studied for future
experiments concerning e*e~, e"e~ and e”p colli-
sions [8-10]. Also, the phenomenology on dileptons
has been analyzed in such processes as the low-energy
weak neutral current experiments, Bhabha scattering,
.nuon decays [ 8,11], and the low energy muon related
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piocesses such as muonium-antimuonium conversion,
the second-order corrections to the muon anoma-
lous magnetic moment and exotic decays [ 12,137,
Furihermore, the dilepton contributions to so-called
oblique corrections have been examinced | 14,15].
The most stringent lower mass bounds at present are
(My+1/gy) > 340 GeV (95% C.L.) for the doubly-
charged dileptons {8] and (My+/gy) > 640 GeV
(90% C.L.) for the singly-charged ones [11], and
here g, is the gauge coupling of dileptons to leptons.

In Ref. [10], Agrawal, Frampton and Ng consid-
cred a direct scarch for doubly-charged dilepton Xy 4
By lepwon-number violating processes in ¢ p and
‘e*¢™ colliders. They cxamined the process e ~p —
etp~ p~ + anything, at e~ p collisions and the pro-
cess ete” -+ 2e 2u” or2e”2ut at et e collisions.
Both processes are totallv free of background from
the SM, and thus, once found, they will provide a
signature for the existence of dileptons. The produc-
uion rates, however, are very small. For the case of
using the e~ p colliders, it is concluded [10] that at
HERA, with center-of-mass encrgy /s = 314 GeV
and the planned luminosity of 1.6 x 103 em~2s~!,
there will be less than one cvent per year for e p —
etu~ u~ + anything if the doubly-charged dilepton
mass My (= Mxx+1) is heavier than 120 GeV. At
LEPII-LHC with /s = 1790 GeV and an expected
luminosity of 2 x 1032 cm~2s~", at least 2 events per
year are anticipated unless My exceeds 650 GeV.

In this paper we consider an indirect scarch for the
existence of doubly-charged diicpions in e~ p collid-
crs. We take a SU(3)¢c x SU(3), x U(1)x (3-3-
1) model [5] for a specific model which accornmo-
date dileptons and study the process, e"p — e* +
anything, through the cxchange of dileptons. One ad-
vantage of considering this process is that a larger
event rate is expected than the background-free pro-
cess e”p — et u~ u~ +anything, since the cross sec-
tion for the former process is of the order of g%, while
the latter is of the order of g}e*, and e is the elec-
tric charge. One drawback, however, is that the pro-
cess is model-dependent. Namely, the cross section for
e~ p — e’ + anything depends not only on dilepton
mass, but also on the mass of the exotic quark which
the 3-3-1 model predicts. Nonetheless, the process
e~ p — e* +anything it the 3-3-1 model is worth in-
vestigating in the following aspects. Firstly, the 3-3-1
model itsclf is an interesting model beyond the SM. In

this model anomaly cancellation takes place between
families and anomaly cancellation requires that the
number of familics be equal to the number of quark
colors [5]. Secondly, a fair magnitude of event rate
is expected and, thercfore, the 3-3~1 modcl and the
existence of dileptons will rather casily be checked.

In the 3-3-1 model each family of leptons trans-
formsas (1,3%,0) under SU(3)c xSU(3) . xU(1)x,
and so we have for the first lepton family,

4
(—w) (1~- 0 n
e"’ L

wheie ¢ = C(€g)7 and C being the charge-
conjugation matrix. The electric charge operator Q@
for SU(3) triplets is defined as

0 =5+ 53X + X (2)

where X is the U(1)x charge.
The first quark family consists of a left-handed
SU(3),, triplet plus three right-handed singlets:

u
(d), W, df, Dt (3)
D/, |

The U(1)yx charges of the triplet, u;, df, and D are

= —', X=—-5X= +,, and X = +4, respecnvely
Thus the new D quark has electric charge Op= -—5

The SU(3), x U(!l)y symmetry breaks sponta-
neously into SU(2), x U(1)y. At this breaking five
gauge bosons, dileptons (X**:, X*) and an addi-
tional neutral boson, gain masses. Also new quarks,
D and the ones belonging to other quark fumilies be-
come massive. From the renormalization group analy-
sic of the gauge coupling constants, the breaking scale
is estimated to be 1.7 TeV or lower [6]. We, there-
fore, expect the masses of dileptons and D quark to
be around or less than 1 TeV.

The interaction of dilepton gauge bosons with the
first family of leptons and quarks is given by

Lin = —2L [x“ e Cytyse + X~ '-,-;;CET]

2z

W [x+ {Cv (1 +ys)e

+ X v (1 +y5)CET]
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Fig. 1. The process ¢~ + p — et + D + anything through dou-
bly-charged dilepton exchange in the quark-parton-mode! picture.
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Fig. 2. The Feynman diagram for the process e~ + 1 — ¢* + D.
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where C is the charge-conjugation matrix. The gauge
coupling constant gy, is given approximately by gy =
& = 2.07¢ [5], where g2 is the SU(2), gauge cou-
pling constant. It is noted that the vector parts of the
electron coupling to doubly-charged dileptons vanish
due to Fermi statistics. The D-quark carries lepton
number 2 and decays only through dileptons. From
the above interaction Lagrangian (4) we find that D
decaysas D - u+ X"~ s u+l"+1"or D —
d+X —d+1"+v,where/=e, gand 7.

In the quark-parton-model picture, the process
e~ p — e* +anything is illustrated in Fig. 1. We first
consider the subprocess e~ +u — e* + D. The corre-
sponding Feynman diagram with momentum assigned
to each particle is shown in Fig. 2. The amplitude is
given by
A= (%)25(174)7“( 1-s)

-~
(p1 - p3)2 - 1"%\, + iMxrx
x 2T (p3) Cyysu(pr) (5)

x u(p2)

where a factor of 2 comes out at the e-e-dilepton vertex
since two identical electron fields are involved at the
vertex. Now taking the spin average for initial ¢~ and
# and the spin sum tor the final e* and D, we obtain
for the differential cross section fore™ -+u — ¢* + D,

LAY T S
a0 " 8w Q2+ MLI2

x {252 —28(Q%+ MY) + QX(Q* + M%,)} (6)

where M, is D-quark mass, § = (p) + p2)~ and Q? =
—(p1 —p31)°. Electron, positron and u-quark have been
taken to be massless and the width of X** in the
propagator have been neglected.

Hence the cross section for e~ p — et 4 anything
is given by

1
o(s,Mx,Mp) =/dx
o2
Udng.,u 0%

o

dQ,(‘-xs Mx,Mp)

@]

where f,(x,0Q?) is the u-quark distribution function
in the proton and x is the fractional momentum of the
proton carried by the u-quark. Since s = (p, + pp)?,
with p, and p,, being the momenta of electron and pro-
ton, respectively, we have § = xs. The upper bound for
the Q%-integration is Q2 = § ~ M7, and we take Q2=
4 GeV? for the lower bound. The lower bound for the
x-integration is x; = (M2 5/ ), which comes from the
constraint § — M% > 0. To evaluate the cross section
we have adopted the MRSDY_ [16] parton structure
functions and used a Monte Carlo method for inte-
gration. For the gauge coupling constant g3;, we have
used the 3-3-1 model prediction g3 = 2.07¢ .

The results for the dependence of (s, Mx, Mp } on
My and M p are shown in Fig. 3 for the center-of-mass
energy /s = 314GeV (HERA) and inFig. 4 for /s =
1790 GeV (LEPII-LHC). The present mass bound
for the doubly-charged dileptons is (Mxzx+/g3y) >
340 GeV (95% C.L.) which was obtained from the
analysis of dilepton contributions to Bhabha scatter-
ings [8]. For gy = 2.07¢, we obtain My > 210
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Fig. 3. The cross sections for the process ¢~ + p —
e + D+ anything with O > 4 GeV at the center-of-mass energy
Vs = 314 GeV and its dependence on My and Mp. The shaded
area shows the domain for My and Mp in which we expect at least
3 events per year with luminosity 100 pb‘I yr~!. Alzo shown is
the present mass bound for doubly-charged dileptons Mx > 210
Gev. ‘
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Fig. 4. The cross sections for the process e~ + p —
¢t + D+ anything with Q2 > 4 GeV at the center-of-mass en-
ergy /s = 1790 GeV and its dependence on. My anc Mp. Also
shown is the present mass bound for doubly-charged dileptons
My > 210 GeV.

GeV. The luminosily of HERA is expected to be 100
pb~'yr=1. Then the shaded area in Fig. 3 shows the
domain for Mx and M, in which we expect at least 3
events per year for e~ p — e? + anything at HERA.
For example, we can obtain signatures of the 3-3~1-
model dileptons with mass up to 340 GeV (650 GeV)
if Mp is lighter than 200 GeV (150 GeV).

LEPII-LHC, with its center-of-mass energy /s =
1790 GeV, has a far extended prospect for dilepton
search. In fact, we expect at least 0.048 pb for the cross
section of the process, e”p — ¢* + anything, if both
Myx and MAip are lighter than 1 TeV. In other words,
provided that an annual luminosity of 6 fb~'yr~! is
attained, we anticipate at least 280 events unless both
My and M, are heavier than 1 TeV.

Several comments are in order. Firstly, it is almost
hopeless to search for the doubly-charged dileptons
with a positron beam through the process, etp —
e~ + anythirg, because in this case the subprocess is
et + & — e~ + D and fi-quark distribution function
gives only a negligible contribution to the cross sec-
tion.

Secondly, if doubly-charged Higgs bosons ex-
ist, they may also give rise to the process e”p —
e* +anything. Currently there are two popular models
which incorporate such doubly-charged Higgs bosons.
One is the Gelmini-Roncadelli model [17,18] which
is a straightforward extension of the SM to include a
Majorana mass for the left-handed neutrino. Besides
the usual SU(2), doublet Higgs, the model has a
triplet Higgs H = (H®, H-,H~~) and H** couples
to a left-handed charged-lepton pair as

Lyt = —gy(ILISH™ ™ + T ILH), (8)

where gy is a dimensionless coupling constant. How-
ever, H** does not couple to quarks since it has
Y = 12. The other model is the left-right symmet-
ric extension [19] of the SM. The gauge group of
this model is SU(2); x SU(2)p x U(1)p-r. The
minimal Higgs sector consists of a bidoublet &, and
two triplets H;, and H; whose guantum numbers
are (4,3,0), (1,0,-2) and (0, 1, ~2), respectively.
Both triplet Higgs, H, and Hp, bave doubly-charged
Higgs bosons H* and HE* which couple to charged
lepton-pairs by a similar Lagrangian as Eq. (8). Again
these doubly-charged Higgs do not couple to quarks.

The 3-3-1 model also incorporate the doubly-
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charged Higgs bosons. Indeed Frampton intro-
duced [5] three SU(3), triplet and one sextet Higgs
bosons. However, we can show that those Higgs
multiplets which accommodate the doubly-charged
ones do not couple to both leptons and quarks at the
same time. Thus we may safely neglect the possibil-
ity of the process e~ p — e? + anything through the
exchange of doubly-charged Higgs bosons.

Thirdly, in Figs. 3 and 4 we have assumed that the
D-quark mass is heavier than 100 GeV. D-quarks do
not couple to the W-boson but to the Z-boson and
the photon. Then one would think that there would be
an effect of D-quarks on the low-energy phenomena
through radiative corrections and that we could say
something about the D-quark mass just as in the case
of t-quarks. But this is not the case for D-quarks.
First note that heavy fermions decouple from the
photon [20]. In fact the D-quark contribution to the
(renormalized) photon vacuum polarization behaves
like T} (k%) o @Qp (k*/M?). Next it was shown in
Ref. [6] that if the mixing of the two neutral gauge
bosons which appear in the 3-3-1 model besides the
photon is neglected, then the coupling of the D-quark
to the Z-boson is vector-like. From the severe ex-
perimental restrictions on the flavor-changing neutral
currents, we expect that the mixing of the two neutral
gauge bosons should be small and thus the D-quark
coupling to the Z-boson is mostly vector-like. Hence
the D-quark contribuiion to the Z-boson vacuum
polarization is expectcd to behave in a similar way
as I} (k?) and we conclude that the D-quark also
decouples from the Z-boson.

Finally, D(B)-quarks may also be produced in
powerful pp colliders such as LHC, through the pro-
cess gluon + gluon — D + D. The signal for a pro-
duced D-quark is characterized by 1 jet + 2 lepious,
since the D quark decays as D — u+1~ 41" tirough
X~ exchange or as D — d + I + v, through X~
exchange, where I = ¢, u and 7.

In conclusion, we have considered the prospects of
searching for dilepton gauge bosons predicted by the
3-3-1 model in e~ p colliders. We have calculated the
cross section for the process e"p — e* + anything
mediated by doubly-charged dileptons. At HERA,
with center-of-mass energy /s =314 GeV and an in-
tegrated luminosity 100 pb ™", we can obtain the signa-

ture of dileptons with mass up to 340 GeV (650 GeV)
if the new D quark has a mass lighter than 200 GeV
(150 GeV). At LEPII-LHC, with center-of-mass en-
ergy /s = 1790 GeV and an anticipated annval Jumi-
nosity 6 fb™'yr=!, we can sxpect at least 280 events
per year unless both the mass of dileptons and that of
the D-quarks is heavier than 1 TeV.
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