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ABSTRACT

We study the contribution of vector boson fusion
processes to the prnductibn of a heavy charged lepton accomanied
by its neutral partner at multi-TeV hadronic colliders. we
show that vector boson fusien dominates over the usual quark-
antiguark fusion mechanism, fqr a very heavy lepton and high

energies.
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Our present theoretical under

particle physics does not enable us to predict thé'numger of

fermion generations, Therefore, one has to rely on phenomennluglcal

data in order to get some 1n51ght on this, up to know, unknawn -
parameter. From the analysis of primordial abundance of light

elements, if follows that the number of families shauld not.

exceed five1. The number of light neutrinos can also be inferred

from the Z0 decay2 and it is comparahble with the cosmological

" bound. Furthermore, it has been argued that superstring theories

lead to an even number of fermion familiess. Thus it becomes a

very relevant task to investigate the production of possible new

generations, beyond the stablished cnes.

In this letter we shall be concerned with the
production of leptons belonging to an extra generation ih
proton-proton and proton-antiprofon collisions. We work within
the framework of the standard model nf electroweak interactions.
The charged lepton is assumed to be very heavy (M w,z) and
its neutral partner massless.

According to the current parton model ideas, a
hadron is viewed as a collection of quasi-free partons. For
very high energies one  expects that the role played by heavy
partons, such as W and 2, wili be impertant. This makes the
analysis of the contribution of these partons in:high energy
processes worthwhile,

The usual mechanism for a lepton-neutring pair

production is through the quark-antiquark fusion  (Drell-Yan
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mechanism) '7, i.e. qg' + W .+ 2 Vg - Nevertheless, as will

be shown, .vector boson fusion becomes competitive and even more.

_important than the Drell-van,mechghism for charged heavy'leptdns

and high energies. Actuaily, récent'studies_have_Shown.that
vecrﬁr boson. fusion plays;an_important role in the production
of heavy Higgs bosbns, vector boson pairs7-and heavy charged
leptens (LfL')S. Iﬁerefure, such a kind_of mechanism will be
of great interest in parﬁicle:produgtion at the_future'genera_
Vtron cf |- 8 and pp colliders. . ' . .

we shall consider the productrnn of a heavy. charged

_.leptnn.écbumpanled by.lts_neutrrno as a result of the followrng_

subprocesses:
(a.)'. HtZE_)-. - Lt (;i L ’.- -
L) Wy - Q)

¥e shall compute the rapidity distribution at y}=0 for the
above subprocesses, which are shown in Fig. 1. In terms of the
distribution functions associated to the vectcr bosans in a

hadron, (Vh), this quantlty 1s -

i

dafl
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| where: 6Vivj+Lv_ is the cross sgctiQn:For the"subprocesses (a)
“and (b).

The determination of the distribution functions

WA,

assogiated to the'differgnt vector partons can be carried out
by using the effective vector boson approximatinng, which treats
separately the contrihutichs”due to transverse'hnd longitudinal

polarizatinns.“ In the prncesses under study the contrlbutron

of the lorgitudinal mudes dominates over the transverse ones

For this reasen we shall.consrder only the longltudrnal

_contrlbutlons.

The probablllty dlstrlbutlon of 10ng1tud1nal bosuns
in a quark (V }, when the quark subenergy £  1is much larger

than_the;vector bosqn'mass (Mv), is

2. A2,
{(C,+Cy) _
o e LA (e L (2)
g 4 = o
-where, for v=z°
R NS S 24
Cy = Soe, ( Ty - Qsin &w) ,
' . (3a).
- .8 _ |
CA = _cos&w (2 TBL) '
. : : .
. whereas for V=W~
,CV'_="-CA S IR (3p) -

T3L' 1n the abnve expressrons is the th1rd component of the

~weak 1sosp1n and Q {is the quark electrlc charge As was

ﬁointéd_out by Lindfors?-thls leading approximation (Eq. (2))
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for the iongithdinal structure function, is excellent_when
compared to the exact result.
The longitudinal vector boson distribution in a

hadron is obtalned by the convnlutlon of (2} with the quark

dlstrlbutlon function (qh) that is

1 . . .
O I R A S R AN ¢ 723 (4)
h y “h i
i : q

X

min
where the sum is carried out over the relevant gquark and anti-
gquark flavors.

Finally, we consider the elementary cross sections

for the subprocesses shown in Fig. (1) in the limit ML >>MV

The cross section for longitudinally polarlzed W and Z

bosons, for the subprocess (a) is

E_’W Z +Lv z aij (1,3 = W.L,v) ' . (5)
i,j ’

where,

nazcoszs

Sy = — il . 25 3 (2+n)(1—n)2 s (6a)
24s5in &w MWMZ
10’ s 4 2
8, = . {a sin” 8, (142n)(1-n)° +

s 4 2 2.2
4851n‘&wcos Sw MWMZ

+ (1-4sine) [(1-n)3-3n(1-n2)+6n2L]} , (6b)

2

. Ta S 2 o
fov = 485in45 cosza MZM2 (rezm (i-n) ' (6
W W Wz
: ol s . ' )
O . = - —7 - 33 {(2+n)(1-—n) - 3n{1-n)L
24 sin Sw M- M
z
+ 2sin? Sw [6n(1-n) - (2+n)(1-n)2-+3n(1-3n)L }} , (6d)
7l 5 2 ' '
GW\) = 7 I (2+n)(1-n) s (6e)
24 sin &w Mw MZ
, : T a? '
& = - . (1-n) -3n(1-n )+6n L
Lv . 2 2 2 {
24 sin chus Bw Mw 7
.2 3 2 o
- 2sin %w [(1—n) =3n(3+n)(i-n) + 120°L ]} . (6T)

whereas the cross section for the subprocess (h), for the

longitudinally polarized W boson is

T ME 1
& S o= — . = —1+n+[1+2n(1-n)]£} , (7}
YLy 2sin’y, M2 S :
: W W
where we have defined:
w2
M
no: o=, o (8)
_ T+BY
L = En(l-sj i (9)

_ (1-m) - Cia s '
and B = Tieny is the massive lepton velocity in CM frame.
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Note. that there are terms in (&) violating uniﬁarity
bounds. . However, ehen we take the sum in (5) these terms.cancel
: among fhemselves in the high energy limit. o
' .‘In the‘numerical evaluetinn uf-(l) we assumed.

- 82.5 GeV and M

sinzsw = 0.226, M = 923.8 GeV. We have

W z

used, for the photon distribution in a guark, the.well known

Weizsdcker-Williams approximatiun10! and, for the Qz—dependent

) quark distribution functlons, we have taken. the set 2 cf Ref. 5.
Flgures 2 and 3 show the rapidity distribution at

y =0~ against the lepton mass for the subprocess (a) in pp and

pp collisions respectlvely. For the. sake of_completeness, we

also plot the contribution‘of the Drell-Yan mechanism.- We have

evaluated the contribution due to. the subpracess {b) for both -

polarizations. However, we do naot exhibit the results for

W:Z, and WL(T)Y .fusions_sin;e they lie a;_leest ogne order of

magnitude below either the “HLZL'_fesion or the Drell-Yan

mechanism,

-

_The essential feature of ogur results is that, for

high enough energies, the vector boson fusion process (a) dominates

aver the usual Drell-Yan mechanism, when the .vector bosnns are
longitudinally polarized. As can be seen in Fig. 2; this
dominance holds for large lepton masses, e.g., ML 2 7001¢ev_
for 3 = 40 Tev or M, 2-600'Gev-ffor"/§ = 70 Tev Iin 'pp.

" collisions. ' o | '

7 . The search for a new generatiun of leptens:can éiso

~ be implemented via the production of a pair of charged_leptonsf

-

(L*L™).  This ehannel has already been analyied in Refs. 5,3.
and 11. It seems that the erecess studied here would be‘less'
reievanf for detecting this_extra.generation; since the cr055: 
section due to gluen fusion prodeeing L+L'11 is 'a factor of_.
~7 larger, for 200 Ge¥ < M < 1 Tev and s = 40 TeV;
However, if we take_into account the efficiency. for detecting
a charged iepten, we are led to a different eonclusion.

_ The decay of the heavy lepton (ML.wa) gecurs via
T+ T f
L™ - W"(vz.

Therefore'tne ability for detecting-Lt. depends
on the efficiency for identifying the we bnsun This efficiency,

- with W decaylng into electrunlc and muonic channels, daes

not exceed 15% and thlS modifies the effectlve 1um1n051ty So

.thet, the_effectlve luminosity fnr L is 0.15 times smaller

than the effective luminositynfur LvL identification. Thus,

the nembe; of identified events'coming from theegluon fusion
mecnanism is expected to be of the same order as the'one obtained_
viarfhe process etudied here. Furthermore, the. channel iy
has a _more severe background from conventlonal electroweek
process than the LQL channel

The conclusion te be drawn from our analysis is

that the production of a heavy charged lepton accompanied by

its neutring is a very promising mechanism for detecting new

leptan generations et very high energies Consequently, the'

vector bnson fu51on subprocess can no lnnger be 1gnnred.
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FIGURE CAPTIONS

Figure- 1 - Vector bosons fusions contfibuting to lepton-néutrino ‘ZP ' N ZO '

: . _ ' Lt \‘Li‘r
production. } + i

Wz +
_ _ )
. - . . —— N
Figure 2 - Rapidity distribution at y=0 -for the processes (=) L
. o : _ ‘ + hY)

Pp + W Z =+ Lv+X (solid lines) and pp + gQg' =+ Lv+X w L Wi

L4L
(dashed lines) at s = 20, 40 and 70 Tev.

(a)

Figure 3 - Rapidity distribution at y=0 for the processes
op -+ W Z, -+ Lv+X (so0lid lines) and pp + qg' + LvX

(dashed lines) at S = 20, 40 and 70 Tev.
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