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Abstract 

We examine production of fourth generation heavy leptons and neutri­
nos in the effective W approximation. At high energy pp colliders, gauge 
boson fusion is larger than the Drell-Yan mechanism for heavy lepton pro­
duction for a range of heavy lepton and neutrino masses. 
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Summary 

We examine production of fourth generation heavy leptons 
and neutrinos in the effective W approximation. At high energy 
pp colliden, gauge boson fusion is larger than the Drell-Yan 
mechanism for heavy lepton production for a range of heavy 
lepton and neutrino masses. 

IntroductioD 

The parton picture of the proton has been extremely suc­
cessful in describing hadronic interactions at high energies. As 
higher energies are reached experimentally, it is necessary to 
include the effects of more components in the parton sea in 
theoretical calculations. At the energy of the proposed Super­
conducting Super Collider, Vi = 40 TeV, the W and Z gauge 
bosons of the Weinberg-Salam model make important contri­
butions to the parton sea. 

The picture of the W and Z bosons as partons has re­
ceived much attention in recent years, primarily as a mecha­
nism for heavy Higgs production. 1 The ci:ltribution of W's in 
a proton can be calculated in a manner similar to the effec­
tive photon approximation for the distribution of photons in 
an electron. In this note, we consider heavy lepton produc­
tion in the effective W approximation. We present rates for 
pp - W+W- + ZZ - L+L- and pp _ W*Z - L*N (where 
L(N) is a fourth generation charged lepton (neutrino)) and 
compare them with the relevant contributions from Drell-Yan 
production.2 

The Effective W ApproximatioD 

Proton-proton colliden can be considered as a source of 
polarized beams of gauge bosons. The boo"n-boson luminosity 
is 

dCI = E/ dr' / dz h(%)/; (~) dCI 
dr nIVv . . r' % % de 9;9iIVV 101 0 

(1) 

where e = r/r' and Ii are the appropriate quark structure 
functions. For heavy lepton production, only the contribution 
from longitudinally polarized gauge bosons is relevant and we 
have, 

where 

dC (C~ + C1)q;(C~ + C~)9j 
dr 19;9iIVr. Vr. = 1611"4r 

1(1 + r)ln (l/r) + 2(r - 1») 

9 Cv = -CA =--
2.;2 

for a W boson and 

(2) 

(3) 

Cv = -g-(!Tar. - QSin28w) 
cos8w 2 

(4) 

for a Z boson, where 9 = e/sin8w, Tar. = ±1/2 is the third 
component of weak isospin of q, and Q is the electric charge of 
q. Using the gauge boson luminosities, hadronic cross-sections 
involving vector boson fusion can be calculated in a straight­
forward manner, 

C1_vv_x(.s) =/drddCI C1vV_X(TS). (5) 
r nIVV 

Heavy LeptoD ProductioD 

We calculate cross sections for heavy lepton production to 
leading order in M~ / .svv and Mw / m'qlon, where svv is the 
total center-of-mass energy of the boson-boson system.' The 
interactions involving longitudinal gauge bosons are enhanced 
by factors of m'qlon/ Mw relative to those with transverse gauge 
bosons, which we neglect. Yuana and Eboli et aI. Z have exam­
ined the contribution of transversely polarized gauge bosons 
to heavy lepton production. They found that the longitudinal 
contribution is always dominant. 

The cross section for producing a heavy lepton L and its 
associated neutrino N from gauge boson fusion is, 

:t _:t _ a 2
11" 1 

C1(Wz. Zz. L N) - 8 . 48 114 
sm WJY.lw swz 

• { - (ml- m~)2.8 - (mi 

+ m~)(m~Al + mIAz)} 

+ O(m:v/swz) (6) 

where 

fJ = ';1- (m£ + mN)'/8W:l ';1- (m£ - mN)2/sWz 

Al _Inl(mt - mJ.,)/8WZ -1 + fJl 
- (mt - mJ.,)fswz -1-.8 

(7) 

Az = Inl (mJ., - mt)/8wz - 1 + .81. 
(mJ., -mt)/8wZ - 1-.8 
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In Fig. 1, we compare the Drell-Van mechanism, qq - L% N, 
with the rate from gauge boson fusion for mN = 0 and for mL = 
mN. For massless fourth generation neutrinos, production by 
W Z fusion is always smaller than by the Drell-Van mechanism 
if mL~ 1 TeV. As the neut!ino mass is increased, the L= N 
production rate from W Z fusion increases. For mL = mN, W Z 
fusion is the major production mechanism for mz.~5oo GeV. 
For all values of the neutrino mass, our results lie between, or 
slightly above, the curves of Fig. 1. 

The experimentally measured values of the W and Z b~ 
son Dl&88eS limit the allowed mus splitting in an SU(2) lepton 
doublet,· 

Im~ - m~I~(600 GeV):I. (8) 

Note that for mz' = mN. there is no limit. Hence for lepton 
doublets where both mZ. and mN are equally massive, there 
is no experimental restriction from Eq.(8) and vector boson 
scattering becomes an important source of L= N production. 

Heavy leptons can be pair produced from both W+W- and 
Z Z fusion. The rate for W+W- fusion is, 
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Fig.l. Croes section for PI' - L2NX at Vi = 40 GeV in 
the effective W approximation versus the charged lepton mUll 
(solid lines). The upper (lower) solid line he mN = mZ.(mN = 
0). The contribution from DrelI-Yan production (qq ..... L=N) 
is shown by the dashed lines. The upper (lower) dashed line 
has mN = O(mN = mz.). 

(W+W- L+L-) a
2
", 1 

tr L z.- = 4 
4 sin fJw M:' Sww 

to { -2p(m1.. +mi -m~mD 

[ 4 4 2m~ (:I 2 2] - mN+mZ.+-- mZ.-mN) As 
sww 

1 m1,mlswwps 
+-~--~~~~~~ 

2 (sww - mJ,)2 + rJ,mJ, 

2mlmJr(sww - m~) 
- (.sww - mil)' + rJ,mJ, 

~ [(ml + ml.)p + (ml ~;~)2 + ml. ) AS]) (9) 

where 

fJ = ';1- 4ml/sww 

A -In 12(m1- m~)/8ww + fJ -11 
s - 2(ml-m~)/8ww-fJ-l· 

(10) 

The rate from Z Z fusion is alwa.ys an order of ma.gnitude 
smaller than that from W+W- fusion and 110 we do not give 
the cross section explicitely here. (It can be found in Ref. (3)). 

In Fig. 2, we compare Drell-Van production with that from 
gauge boson fusion for mN = o. We have added together the 
contributions for W+W- and Z Z scattering. Almost identi­
cal results are obtained for massive fourth generation neutri­
nOlI. (The DreII-Van contribution is independent of the neutrino 
mass.) We see that for mz.~5oo GeV, vector boson fusion dom­
inates over qq annihilation. 

In the case of heavy lepton pair production, there is an­
other production mechanism which is important if there are 
follrth generation heavy quarks as well as leptons. The process 
99 ..... L+ L- which proceeds by a triangle diagram with Higgs 
or Z ~annel exchange has been examined by Willenbrock 
and Dicusl and found to be large. The upper lines in Fig. 2 
are the contribution from gluon fusion to lepton pair produc­
tion, where we have us'llmed mu = mD = mz.. Increasing mu 
incnues the Cf088 section. Our conclWlion is that if there is a 
complete fourth generation, the dominant lepton pair produc­
tion mechanism is gluon fusion. 

Conclusion 

For the process I'P - L=N at Vi =40 TeV, the DreIl-Yan 
contribution is dominant over vector boson fusion if mN = 0 
and mz.~1 TeV. If the fourth generation neutrino is massive and 
mN = mZ., then W Z fusion becomes the dominant mechanism 
when m£ is 500 GeV. Lepton pair production is dominated by 
gauge boson fusion for mL~ 500 GeV unless there is a complete 
fourth generation of heavy fermions. In that cue, the largest 
production mechanism for heavy lepton pairs is gluon fusion. 
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Fig. 2 CrOls section for pp - L'" L-X at vii = 40 TeV. The 
lolid lines are the result for wtwi + ZI.ZI. - L'" L- with 
ma = 100 GeV and rna = 500 GeV, for mN = O. The dot­
duh line is the contribution from fill - L* L -. The dashed linel 
are the contribution from gluon fusion with fourth-generation 
quarks where we have ulumed mZ. = mu = rnD' 

.... ~ 

3 



.' \ 

( 

This report was done with support from the 
Department of Energy. Any conclusions or opinions 
expressed in this report represent solely those of the 
author(s) and not necessarily those of The Regents of 
the University of California, the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable. 



,...- -
LA WRENCE BERKELEY LABORATORY 

TECHNICAL INFORMATION DEPARTMENT 
UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 

f ~;..:.;. 


