y UNIVERSIDADE DE SAD PAULD PUB“CAG‘]ES

INSTITUTO DE FiSICA

CAIXA POSTAL 20516 IFUSP/P-734
01498 - SAO PAULO - SP
BRASIL

HEAVY LEPTON PRODUCTION THROUGH VECTOR BOSON
13 JAN 1989 FUSION IN e'e” COLLISIONS AT HIGH ENERGIES

SERVICO DE \ ) _
BIBUOTECA € 0.J.P. Eboli, G.C. Marques and S.F. Novaes

INFORMACAD

Instituto de Fisica, Universidade de Sio Paulo

A_A. Natale

Instituto de Fisica Tedrica,
Universidade Estadual Paulista _
C.P. 5956, 01405 S3o Paulo, SP, Brazil

Setembro/1988




=
Yoo
R

HEAVY LEPTON PRODUCTION THROUGH VECTOR BOSON
FUSION IN e*e” COLLISIONS AT HIGH ENERGIES

0.1.P. Eboli, G.C. Marques and S.F. Novaes*

Departamento de Fisica Matematica, Inst. Fisica, Univ. de S0 Paulo
C.P. 20516, 01498, Sio Paulo, SP, Brazil

A.A. Natale

Instituto de Fisica Tedrica, Univ. Estadual Paulista
C.P. 5956, 01405 S&o Paulo, SP, Brazil

ABSTRACT

We study the production of heavy leptons belonging to a fourth
generation,through the vector boson fusion mechanism in e*e- collisions at CLIC energies.
Lepton production through photon fusion is a more efficient mechanism since the total
cross section is lazger for a considerable range of leptén masses. dnly for very high masses

the fusion of longitudinaily polarized bosons becomes competitive with photon fusion.
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L INTRODUCTION

1,2) has met,

The standard model of the electroweak and strong interactions(
remarkable experimental success in theé iast years. However, there are fundamental
questions that are beyond the scope of the standard model whose answers might be within
the reach of the future generation of accelerators. Omne of these questions is the number of
{fermionic families. The intriguing replication of leptons (and quarks) has led to a plentiful
set of models where the existence of a fourth family is adnﬁtted(3). We can also recall t:héi
some sﬁperstring models predict an even number of families, therefore we might ﬁnd.a;t.
least one exfra Iepton(4).

Admitting the existence of a fourth heavy lepton, we have recently shown
that the most efficient process for the prodﬁctioﬁ of these leptons in hadronic colliders is

the vector—boson—fusion mecha.nism(5). This result was obtained within the

(6’7). As happens for the Higgs boson sector, the

effective—vector—boson approximastion
physics of high energy colliders may be dominated by vector—boson—fusion prbcesses@,
and many of these have been studied recentiy m the case of hadronic colliders(g), but nof
quite so extensively for e*e- machines. |

In this paper we study the production of heavy leptons via
vector—boson—fusion at CLIC energies. Tﬁis machine is in study at CERN and is proposed
to operate at 45=2TeV with a luminosity = 10%cm%l (or an integrated
luminosity L = 105 pb/year). We shall corhpare the cross sections of photons and weak
(longitudinally and transversally polarized) vector-bosons—fusion giving & pair of chargéd
leptons, or a heavy lepton and- its neutrino, which will be computed - within the .-
effective—vector-bogon approximation. Section IT contains a discussion of this quoted
approximation and display the basic tools we shall deal with. In section IIT the analytical
cross sections of each subprocess can Be found, and we leave for section IV our results and

conclusions,




II. THE EFFECTIVE-VECTOR—BOSON APPROXIMATION

The effective—veetor—boson approximation is an extension to massive weak -

gauge bosons of the Weizsticker—Williams (or leading logarithmic) approximation. It is
well known that this method leads to quite good results for the two-photon process, i.e.,
e*e e*e~yy—~ e*e’X , where in the limit of parallel momenta the photor distribution inside

the electron is
_ o 14 (1-n2 §
A =97 z ln[ZmJE : (1)

and the full cross section for the two—photon process is the product of the photon
distributions times the cross section of the subprocess yv-+X .

The above procedure was generalized, in the case of weak vector bosons, by
Kane et al. and Da.wsen(s), who determined the vector boson distributions inside 3 fermion
for longitudinally and transversally polarized bosons. In the leading order, they are

respectively given by

for charged (Wi) weak bosons and
C.= . 1 1T—QSlﬂ29
v Fw cosyw g3 W
0, = —pd T
A Zsing,, cosi’?‘w 3
for the Z9 boson.

The cross section for e*e + ViVi~X | where Vi'{j) is any. of the

electroweak bosons, can be written as

1 1
olete— ViVy =+ X) = 1—_|_]'5;J‘ dz, f dz,f{Vi(z)Vi(zy) + (i 0 j)]&vivj_'x(zl.‘z;is) .

) Tm Tm/zl

(3

It is convenient to define the luminosities of bosons inside the fermion as

L:s d i c s
- [ B s @ v +609) @
'r
and Eq. (3) is reduced to
1
dLij -
g o f drjd?l arvivj_,x(rs) , (5)
T

m

where 7=4§/s, and & is the cross section of the subprocess ViVj = X.

ViVi-x




From {1, (2} and (4) we can easily show that

dTn 2-§—r)1n(—) - 2{1-r){(3+7)

Sy - [ i)’ ; , (6a)
dL . 2 112 (2472 ) - 201—r)(3+7)

— = e opully)] . @
dt. 2 (141) In() + 2(m—1

...;%":‘_' - [%(03+c§)} (L) (T)r ) . (6c)
Wyve  ra o 12 gy 47 i) — (-rren) :
T = [ﬁ(cvﬁLCA)] h[mr%-] . , (6d)

where M, =M, for W and Z_,and M, = 2m, for the photon.

The above luminosities are bamcally the quantity of vector bosons that can
be found in the electron {or positron), and are plotted in fig. 1. Notice that the electmn
(and' pogitron) will mostly carry a cloud of transversally polarized bosons, whose luminosity
is one order of magnitude larger than the others as can be observed in fig. 1. As we shall
vesify, this difference may be compensated in the total cross section by the fact that the
cross sections for subprocesses involving longitudinally polarized bosons are larger than the
ones involving transversally polarized bosons by more than one order of magnitude.

HI. CROSS SECTIONS FOR THE ELEMENTARY PROCESS ViVj -+ LEPTONS

The process we are interested in is e*e - e%e"(1)V;Vj - e*e ()X  where

Vi( §) ot be a photon or a weak boson. In this last case, as we have distribution functions

for longitudinally and transversally polarized bosons, we must compute the cross sections
for each one of these polarizations. K the final state (X) is a pair L*L_, the initial one
(ViVj) may be: 77, W W, 2.2, WW 22,17, 7%, W W, and ZLZT
(where L{T) means longitudinal (transversal) polarization). When the final state is a
lepton (L*) and its neutrino (v, ), the possible ViVj contributions are TWo, YW,
WLZT ,W Z In the following we shall present the main cross sections of the processes
quoted above in the limit of high energies; for the complete expressions we rafer the reader

to refs. (10) and (5).

AW W, — LL

Gi)y, = T ,,[M} f{ L+ 5+ Mis-H Hg[*-l‘“%@fl
a%?axu},_._ m
where
- [

8
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a 2 a2
(-M2Y + Ty My

Xy =

M, and M, are respectively the lepton and Higgs boson masses.
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where

We would like to recall that the cross sections (T) to (10} are the result of a
sum of diagrams, and some of these separately violate unitarity although the complete sum
is well behaved at high energies. It is also important to remember that the above cross
sections show an enhancement factor (M, /M i* for those involving the fusion of two
longitudinally polarized bosons, or (ML / MV} when only one longitudinal boson appeazs:

Obviously, for ML << M‘r there is no enhancement, and we expect that processes

originated by trangversally polarized bosons dOmih'a.te, since their lﬁm}ﬁosity in the fermion
is larger.

The origin of the enhancement factors (ML/MWJ2 , is due to the high energy
behavior of the longitudinal polarization of the weak bosons (ei‘), whose dominant term is
given by k,u/Mv . When this polarization vector acts on nonconserved axial currents it

introduce a factor ML /Mv in the amplitude for each longitudinal boson.

IV. RESULTS AND CONCLUSIONS

Our numerical results are shown in figs: 2 and 3. In fig. 2 the curve l&béiled_

¥y is the contribution of the process e‘e - e*e'ﬂ serel' L , whose subprocess cross

section yy- L'L is

7
7

which, among all the process of fusion of .vector bosons, is the dominané“up o

MLN 300 GeV. For larger lepton masses(u) the processes involving. longitudinally -

polarized bosons start being more important thar the oy one.

Notice that the introduction of at least one. longitudinal boson -(7-W-L)-,
producing a heavy lepton and its neutrino (fig. 2) overcomes the ry production of a pair
of heavj leptons, There are two main factors justifying this behavior. Firstly the
enhancement (ML/MV)2 and secondly the larger phase space for the pair Lv. © - .

The fact that electrons and positrons -do not contain too many W's and Z's

is also reflected in fig. 3, where we have a enhancement factor (M, / MV}4 for W W and

7. 7., but they are not enough to overcome the larger ¥ luminosity and & smaller -

LL’
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enhanecement (M[-‘/MV)2 of the process 7 W, .

In fig. 3 we also notice the effect of Higgs boson exchange diagrams, however
larger or smaller masses for the Higgs bosons will not modify the results, bécause their
effects appear in a regién where the two—phdt._bn process is clearly dominant.

In conclusion, for very heavy leptons, the fusion of a longitudinally polarized
charged boson and a photon producing a pair Lz, do win over any other vector boson
fusion process, although it is not the main mechanism for heavy lepton production'.. If such
leptons. exist they can be better found in the direct avnihilation of e*e” through the 7

and: Z% The events containing a beavy lepton and its neutrino from vector boson fusion

can be detected looking for 4 jet plus missing energy, although at CLIC energies and for a-

lepton-mass in’ the:range: 400.— 500 MeV- we: shall not bave more than O(102) events.
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FIGURE CAPTIONS

Fig. 1 - (a) Luminositieg for 77, W, W, and 7,7, fusion, (b)idem for W, W, and
2,2, (c)idemfor v W, , v Zy, YW, and 7%, (d)idemfor W W_, 2.7,
and W, 7.

Fig. 2 — Cross sections of the process ete — eel' L through 7y and 7 ZL fusion, and

for ee* —evL v via 7y WL fusion.

-
S

Fig. 3 - Cross section for the process e*e” — eel’L via. WW and ZZ- fusion at
v§ =2TeV for M, =1 TeV {solid curves), M, = 500 GeV (dashed curves}, and
j = 200 GeV (dotted curves).
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