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ABSTRACT

We investigate the production of a possible
pair of sequential heavy charged leptons(M; -~ 200-800 GeV)
at pp multi-TeV coiliders via vector Bogon fusion. The
results are compared with the usual Drell - Yan mechanisnm
and with the two photon process. For very heavy. leﬁtons
the fusion of W's provides a contribution that is, at high

energies, larper tham thHe D-Y mechanism.




I. INTRODUCTICN

Within the current model of the electroweak interaction
there is no satisfactory explanation for the existence of
several generations of quarks and leptons. On the other hand,
there is nothing, in principle,forbidding the existence of
at least one more family beyond the usual ones. Since the
search for new heavy elementary particles will become an im-
portant issue with the advent of multi-TeV hadron colliders,
it is interesting to investigate mechanisms that enables the

production of such a new family.

In this paper we shall be concerned with the production
of heavy charged lepton, beleonging tora new generation of se-
quential leptons (uL » L)in the framework of the standard mo-
del of electroweak interaction. The charged lepton is assumed

to be very heavy, and its neutral partner massless.

The approach used here for studying lepton pair produc-
tion in pp and pp collisions, is reminiscent of the parton mo
del ideas im which the high energy proten (or antiproton) is
viewed as a collection of quasi-free partons., For low energies
the only relevant partons are the quarks and gluons, and one
expects that the Drell-Yan mechanism gives the most relevant
contribution. As we increase the energy, however, other parti
cles in the parton sea might play an important role. The treat
ment of massive vector bosons as constituents of the proton is
the basis of the so called effective vector boson approximation
This approximation, as applied to the specific problem we are
interested in, has been developed by Kane, Repko and Rolnick1,

el
and Dawson”“.

The question that we address ourselves in this paper, is
the study of the various vector boson fusion processes contri
buting to the production of a pair of charged leptons in pp
and pp collisions. Figure i exhibits a prototype of the reac-
tions considered by us. In particular we will be concerned with
the possibility that some of these processes dominate over the
usual Drell-Yan mechanism (q§+y or Z-L*L") and the two photon

process (yy+L*L') at very high energies.

In the next section we introduce the basic expressions for
the study of heavy dilepton production, and the cross sections
for the elementary processes relevant to our problem. Section

IIT contains our results and discussions.

IT. VECTOR BOSON FUSION MECHANISMS FOR MASSIVE LEPTON
PAIR PRODUCTION .

In order to compute the contributions of the fusion of dif
ferent vector partons to dilepton production,we shall use the
effective vector boson approximation. A basic ingredient in
all calculations, within this approximation, are the distribu-
tion functions. For massive vector particles, we treat éeparan
tely the contributions due to transverse and lengitudinal pola

rization51’z.

The probability distribution of transverse vector bosons
in a quark in the high energy limit, i.e., when the quark sub-
energy E is much larger than the vector boson mass (M ), is

given hy
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whereas, the probability distribution of longitudinal vector

bosons in a quark, in the same limit, is

)/ () = (¢, +an) (1~x) (2)
? x

where,
. .2
Cy=(g/casa,) G Ty, - Qsin“e,) and Cy=-(g/cose ) (} Typ)

for V=Z°_;'whereas Cvz-CA=g/2./E for V=wi. st is the third
component of the weak isospin and Q is the quark electric

cliarge.

The vector boson distribution in a hadron is obtained by
the convolution of (1) and (2) with the quark distribution func

-tions-in the hadrom qh(xJ, that is

4
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where the sum is carried out over the quark and anti-quark re-

levant flavours.

We are interested in computing the different vector bo -
son fusion contributions to the rapidity distribution at
y=0 for the process h]h2 + L'L7 &+ X (h1,2 = p(p)). This
quantity gives a good estimate of the total cross secticn ,
because the rapidity distribution is flat in the considered

range. In terms of the distribution functions associated to

the vector besons, it can be written as
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where “V Vs L*LT -0%5)i5 the cross section for the subproces-

ses of Flg 2, /8 is the total CM subprocess energy and 7=5/s.

Since we have already considered the distribution func-
tions we now concentrate on the elementary processes of Fig.
2. We shall consider the production of a heavy charged lepton

pair as a result of the follewing subprocesses

a} 1% » L*L” (Fig. 2(a))

b) 292° + L*L (Fig. 2(b))

c) WHT s+ LYLT (Fig. 2(c})
where the massive vector bosons are taken transversely and

longitudinally polarized.

In the following sections we shall give the results of
the cross sections for the subprocesses shown in Fig.2, for
massive vector bosons transversely and longitudinally polari

zed. In all calculations we have assumed §>>M§ and M;>M;.
A. ch fusion

At first, we consider the subprocess Z%,+L*L” of Fig.Z(a).

a . Q .
The cross section for the transversely polarized Z¥ is
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is the léptbn velocity in the CM frame, and :
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The cross:section for the longitudimally polarized 2° is
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B. _ZDZD fusion
The diagrams contributing to Z°Z° fusion are shown in

Fig. 2(b), where H is the standard Higgs boson. For transvei

sely polarized Z° bosons the cross section is :
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MH and y being the Higps mass and width respectively, where aij {i,j = A, 2, H, v) are the contribution of each

When the 2° bosons are longitudinally polarized, we have diagram of Fig.2(c) and its relevant interferences. We get

for these contributions:
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We do not worry about cross sections involving mixed po-

larizations (TL), since opp 2nd o;; are enough to characterize

A _ ) o
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the complete behaviour of the process. O;)) = T ?{4__ .é { __»_e_ (3 1;_/33) + (f,kﬁe)(/_-‘gﬂ‘a)_}“
c. ww" fus'iqn 85’/4 9"1 ] 3 :
We shall consider here the possibility of the heavy leﬁ-

ton pair to be produced via the fusion of charged vector bo =

sons (Fig.2(c). For transversely pelarized W bosons the cross .?l_ [,8(3'!‘ e) - (f-ﬁq‘) (j+é 2) __é
w f 2079 e
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Whereas for the W' longitddinally polarized, we have
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There are terms in (15) which exhibit a growing with &
vielating unitarity bounds. As expected, they camcel among
‘themselves when we take the sum over these comtributions in

(14).
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III. RESULTS AND CONCLUSIONS

The various contributions, due tu'Vettor;bﬁsdhgfhéicngﬁﬁs
the rapidity distribution at.y = 0, can be inféiéd-frbm'(]i4)
and from the cross sections of each-subprocé55“computéﬁ’ in
the previous section. In the numerical: calculat1ons we. have-
used M, =.82.5 GeV and My = 93. 8 GeV for the masses of - h
intermediate vector bosons.For the weak mixing angle. .we have
assumed sinzew = 0,226, As for the Higgs boson mass- we. have
taken two different set of data, fixing'thé'Higgshﬁpson' Bass

at twice and eight times the mass of z°. For the Q%:dependent
! - lep

quark distribution functions we have taken the set 2 -given

in the appendix of ref.3. For the photon dxstr;butl ML 1h a e

quark we have used the Welzsﬂcker-W1111ams approxlmatlon 5

which yields:

a; m= Lo [ i('f_-.xﬂ/? g;;)

where, mq is the quark mass. Qur numerical results are summa-
rized in Fig. 3-10. Figure 3 shows the contribution of . the
subprocess  2(a) to heavy lepton pair production in-pp-colli-.
sions at different collider enmergies. In this case we would
like to stress the dominance of the transversely polarizgd

® boson cross section over the longitudinallf polarized one.
We credit this dominance to helicity supréséion - Thesg cross
sections, however, do not give any significant contribution
to heavy lepton pair production, since they are three'ordefs
of magnitude smaller than the one associated to the Drell-

Yan mechanism ¢qf fusion).




In Fig. 4 and 5, we show the rapidity distribution at
y = 0 due to 2°Z° fusion for different values of the Higgs
boson mass. We note that the transverse contributien is
smaller than the longitudinal one and is more sensitive . to
the lepton mass. The z% Zg contribution behaves similarly
to the two photon process but, due to the large z° mass, it
iies one order of magnitude below the two photon contribu -
tion (yy fusion). It is interesting to notice in Fig.5 the
existence of bumps centered at ME = %U Mi , which is  the

value that maximizes the width of the Higgs boson in lepton

pair channel.

Figure 6 shows the contribution to heavy lepton pair
production due to the'fusién of longitudinally and transver-
sely polarized W;W' bosons (Fig. 2(c)) in proton-proton col-
lision for My = 2ZM,. The transverse contributiom is roughly
independent of the‘Higgs bosen mass and, for this reason, we

H=BMZ'

draw in Fig.7 only the longitudinal contribution for M
The relevance of the Wi W fusion can be inferred by
analyzing Fig. 8-10 for Vs = 20, 40 and 70 TeV. We have also
exhibited, for the sake of completeness, the contribution
due to qq fusion {Drell-Yan mechanism) and vy fusién. From
these results it can be inferred thét although the Drell-Yan
mechanism is the most relevant one for "light leptons", the
1ongitudina1 W boson fusion takes overlthe D-Y mechanism for
heavy lépténs {ML » 600 GeV at /5 = 40 TeV, whereas ML » 500
GeV at V& = 70 TeV). ' '

We have verified that all the above conclusions remain
valid when we consider proton-antiproton instead of proton-

proton collisions.

It has been pointed out in Ref.Z that the effective W
approximation, used throughout this paper, is reliable only
when the scattering amplitude is dominated by one of the mo-
des (longitudinal or transverse) in a clear way. Hence; for
processes satisfying the above criterion,we do not need to
worry about the interference between transverse and longitu-
dinal bosons inside a proton. This condition is met for all
processes we analyzed, except in the case of the fusion of
W's for lepton masses smaller than -300 GeV. Thus the use of
the effective vector boson approximation is not reliable in

this situation.

The effective vector boson approximation provides quite
good results. In fact for the production of heavy Higgs bo-
son, Cahn4 has shown that using the effective vector boson
approximation, fhe cross section is 5 - 30% larger than thé

correspondent exact result,

Recently, Willenbrock and Dicus® analyzed the gluon fu-
sion mechanism for heavy lepton production, which is particu
larly enhanced if, as they assumed, there is a contribution
of & loop of a new heavy quark. Their proposal entails a
cross section roughly one order of magnitude larger than the
W:W{ fusion mechanism. Nevértheless, we expect that for the
production of a heavy lepton (L)} and its neutral partner (vL)
the vector boson fusion studied here will be the most impor-
tant mechanism since in this case there will not be competi-
tion from the gluon-gluen fusion process. This reaction is

now under investigation by us.
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FIGURE CAPTIONS .
Fig. 7 : Rapidity distribution at y=0 for W W~ contributien

Fig. 1 : Lepton pair preduction via vector boson fusion to heavy lepton pair production in pp collisions for

. . both vector boscons longitudinally polarized and for
Fig. 2.: Subprocesses. that contribute to the heavy lepton :

o _ - M, = 8M,. The energies are the same as for Fig.3.
_ pair production : (2) Z%-L7LT , (b) 2%2%a%L B2

Fig. 8 : Rapidity distribution at y=0 for Drell-Yan (gj)

- (dashed 1ine), two gamma fusion (yv) (dotted line)

T R i . L. and two longitudinally polarized W bosons fusion
‘to heavy: lepton pair production in pp collisions . £ yr :

: . (solid 1line) (M, = 2M.)} contributions to he

- for the-massive vector boson transversely polari- i > Oy z ) © heavy
IR . . i lepton pair production in collisions at

zed (upper-curves) and longitudinally polarized P P P ‘ e o

N . _ Ys = 20 TeV.

(lower: curves} at /s = 20 TeV (dotted lines),

40 TeV (solid lines) and 70 TeV (dashed lines). Fig. 9 : The same as Fig.8 at v5 = 40 TeV.
CFigad s Rapidity distribution at y=0 for z°z° contribu - . Fig.10 : The same as Fig.§ at /5 = 70 TeV,

tion to- heavy ;eptgn_pair production. in pp colli
sions for both vector bosoms.longitudinally pola
rized (upper curves) and transversely polarized
(lower curves) for My = ZMZ . The enmergies = are

the same as for Fig.3.
Fig. 5 : The same as Fig.4 for My = 8M,

Fig. 6 : Rapidity distribution at y=0 for W;W' contribution
to heavy lepton pair production in pp collisions
for both vector bosons longitudinally polarized
(upper curves) and transversely polarized flowef
curves) for My = ZMZ' The energies are thelsame

as for Fig.3.
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