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Realistic constraints on the doubly charged bilepton couplings from Bhabha scattering
with CERN LEP data
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Upper limits on doubly charged bilepton couplings and masses are extracted from CERN LEP data for
Bhabha scattering in the energy rangeAs5183–202 GeV using the standard model programZFITTER, which
calculates radiative corrections. We find thatgL

2/ML
2,O(1025) GeV22 at 95% C.L. for scalar and vector

bileptons.
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I. INTRODUCTION

The success of the standard model of strong and e
troweak interactions has been verified experimentally wit
high accuracy at present collider energies. Based on the c
mon opinion that the standard model is not the final theory
the elementary particle world, many extensions of the st
dard model have been studied extensively to look for n
physics beyond it at higher energies.

New physics has been searched via several exotic
ticles, such as leptoquarks, bileptons, diquarks, and m
more, which are not covered by the standard model. In
work we study bileptons which are defined as bosons ca
ing lepton numberL52 or 0. Therefore they couple to tw
standard model leptons but not to quarks. Bileptons appe
models where the SU(2)L gauge group is extended to SU~3!
@1#. Bileptons are also obtained in models with extend
Higgs sectors that contain doubly charged Higgs bosons@2#.
Grand unified theories, technicolor, and composite mod
predict the existence of bileptons as well as other exotic p
ticles@3#. Classification and interactions of bileptons are p
vided by several works@4# and a comprehensive review ha
been presented in@5#, including low and high energy bound
on their couplings. Indirect constraints on the masses
couplings of doubly charged bileptons have been obtai
from lepton number violating processes and muoniu
antimuonium conversion experiments@6–9#.

A recent search for a doubly charged bilepton~as Higgs
boson! has been performed by the DELPHI Collaboration
the CERNe1e2 collider LEP2@10#.

At LEP fermion pair production is the unique reaction
test the standard model at the loop correction level@11#.
Therefore one needs precision calculations, including Q
and weak corrections for reliable comparison with expe
ments.ZFITTER is one of the standard model programs dev
oped to compute scattering cross sections and asymme
for fermion pair production in ane1e2 collision with QED
and electroweak corrections@12#. Using cross section calcu
lations with ZFITTER realistic limits for new physics can b
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obtained from LEP data. Since QED corrections are mo
independent~well defined if couplings, mass, and width o
new particles are fixed!, the usual convolution formulas ca
be applied for the total cross section

s~s!5E dvs0~s8!R~v ! ~1!

with v512s8/s and the flux factorR(v) ~radiator! is not
influenced by new particles such as bileptons. The ab
equation can be straightforwardly generalized to differ
asymmetriesAFB , Apol , ALR or to the scattering angle dis
tribution ds/cosu with different effective Born terms and
radiators. The final state acollinearity cut and minimum e
ergy can also be applied. The contribution of doubly charg
bileptons to Bhabha scattering is the subject of the pres
paper,

e1e2→~g,Z,L22!→e1e2~g!, ~2!

whereL22 is a doubly charged bilepton. With the influenc
of bileptons the cross section covers standard model te
with electroweak and QED corrections arising fromg, Z
exchanges and their interferences; virtual bilepton exchan
with QED corrections as explained above; interference te
of bileptons withg, Z.

For complete radiative corrections to Bhabha scatter
ZFITTER has limitation especially for higher acollinearit
angles. But for small acollinearity angles the results are r
sonable for our purpose.

II. INTERACTION LAGRANGIAN AND BHABHA
SCATTERING

The general effective Lagrangian describing interactio
of bileptons with the standard model leptons is generated
requiring SU(2)L3U(1)Y invariance. We consider lepto
flavor conserving part of the Lagrangian andL52 bileptons
as follows:

LL525g1,̄cis2,L11g̃1ēR
c eRL̃11g2,̄cis2gmeRL2

m

1g3,̄cis2sW ,•LW 31H.c. ~3!
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In the notation, is the left-handed SU(2)L lepton doublet
and eR is the right-handed charged singlet lepton. Cha
conjugate fields are defined ascc5Cc̄T ands1 , s2 , s3 are
the Pauli matrices. The subscript of bilepton fieldsL1,2,3 and
couplingsg1,2,3 denote SU(2)L singlets, doublets, and trip
lets.

Here we are interested only in doubly charged bilepto
In order to express the Lagrangian in terms of individu
electrons, bileptons, and helicity projection operatorsPR/L
5 1

2 (16g5) we expand the Pauli matrices and lepton do
blets and write the Lagrangian as

LL525g̃1L̃1
11ēcPRe1g2L2m

11ēcgmPLe2A2g3L3
11ēcPLe

1H.c., ~4!

where superscripts of bileptons stand for their elec
charges.

Doubly charged bileptons contribute Bhabha scatter
through theiru-channel exchange. For the scalarL3

22 ex-
change, the polarized differential cross section in terms
Mandelstam invariantss, t andu is given by

ds

d cosu

5
pa2

2s H ~l11l2!F2S u

t
1

u

sD
12CL

2S u

t2MZ
2

1
u

s2MZ
2D 1

gL
2

ge
2

u

u2ML
2G 2

1~l12l2!F2S u

t
1

u

sD12CR
2S u

t2MZ
2

1
u

s2MZ
2D G 2

12l1F2t

s
1CLCR

2t

s2MZ
2G 2

12l3F2s

t
1CLCR

2s

t2MZ
2G 2J , ~5!

where the definition of Mandelstam variables, polarizat
factors, andCL , CR are as follows:

t52
s

2
~12cosu!, u52

s

2
~11cosu!, ~6!

CL5
2 sin2uW21

2 sinuW cosuW
, CR5tanuW , ~7!

l1512P2P1 , l25P12P2 ,

l3511P2P1 . ~8!

Bilepton couplingA2g3 in the Lagrangian has been replac
by gL in the cross section andP6 is the polarization of
positrons or electron beams. Electromagnetic couplingge is
09300
e
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defined byge
254pa. Together with polarization factors th

differential cross section is consistent with the one used
ZFITTER in the case of the standard model.

For the vector bileptonL2m
22 exchange with replacemen

g2→gL the differential cross section can be found as bel

ds

d cosu

5
pa2

2s H~l11l2!F2S u

t
1

u

sD12CL
2S u

t2MZ
2

1
u

s2MZ
2D G 2

1~l12l2!F2S u

t
1

u

sD12CR
2S u

t2MZ
2

1
u

s2MZ
2D G 2

1~l11l2!F2t

s
1CLCR

2t

s2MZ
2

2
gL

2

ge
2

2t

u2ML
2G 2

1~l12l2!F2t

s
1CLCR

2t

s2MZ
2G 2

12l3F2s

t
1CLCR

2s

t2MZ
2G 2J . ~9!

Investigation of new physics beyond the standard mo
can be divided into three regions according to the new ph
ics energy scaleL: As!L leads to an effective Lagrangian
four fermion contact interactions;As@L new physics, new
particles;As;L strongly depends on the model. At LE
energies we assume that bilepton masses are larger thaAs
andu!ML

2;L2. Then we take into account the approxim
tion in the bilepton propagator:

gL
2

u2ML
2

.
gL

2

ML
2

~10!

which reduces the number of parameters.
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FIG. 1. Ratios of cross sectionss(g,Z,L22)/s(g,Z) from
ZFITTER with and without the bilepton exchange.
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TABLE I. Measured cross sections with the OPAL detector at LEP for two different angular regions
uacol,10°. The first error shown is statistical, the second systematic. The standard model cross sect
predicted byZFITTER 6.36.

s ~pb! sSM ~pb! s ~pb! sSM ~pb!
As ~GeV! ucosuu,0.7 ucosuu,0.7 ucosuu,0.96 ucosuu,0.96

183 21.760.660.2 20.9 333.063.064.0 320.7
189 20.0860.3360.10 19.55 304.661.361.4 300.7
192 19.660.860.1 18.9 301.463.361.5 291.4
196 18.660.560.1 18.1 285.862.061.5 279.6
200 18.260.560.1 17.4 273.061.961.4 268.5
202 17.960.760.1 17.0 272.062.861.4 263.3
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III. RESULTS AND DISCUSSION

Based on the previous considerations, bilepton parts
the cross section have been included intoBHANG which runs
together withZFITTER 6.36.

Ratios of Bhabha scattering cross sections fromZFITTER

with and without the bilepton exchanges(g,Z,L22)/
s(g,Z) are shown in Fig. 1 as a function ofgL

2/ML
2 at As

5192 GeV for scalar and vector bileptons. The curve cor
sponding to the vector bilepton exchange deviates more
idly from standard model curve than the case of a scalar o

Measured cross sections with the OPAL detector at L
have been used for our analysis@13#. In order to give an idea
about the comparison Table I shows the experimental va
of the total cross sections and the predicted standard m
values from ZFITTER 6.36 at LEP2 energy regionAs
5183–202 GeV for two scattering angular regions. Sin
ZFITTER is not good for high acollinearity angles, in the ca
of Bhabha scattering we have chosen the measured c
sections only foruacol,10°.

We have used a simplex2 criterion from a measured cros
section to estimate an upper limit ongL

2/ML
2 . For combined

TABLE II. Upper limits on thegL
2/ML

2 for doubly charged scala
bileptons at 95% C.L. A combination of results is also shown in
last row. Acollinearity cutuacol,10° is considered and masses a
in units of GeV.

gL
2

mL
2

gL
2

mL
2

As ~GeV! ucosuu,0.7 ucosuu,0.96

183 ,5.531025 ,4.131024

189 ,4.231025 ,2.531024

192 ,5.531025 ,3.231024

196 ,4.531025 ,2.631024

200 ,4.331025 ,2.431024

202 ,4.831025 ,2.731024

Combination ,3.531025 ,1.931024
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results the following expression can be considered:

x25(
i

S s i
exp2s i

new

D i
exp D 2

, ~11!

Dexp5sexpAdstat
2 1dsys

2 , ~12!

wherei represents the energy index corresponding to ene
values, cross sections, and experimental errors in Tab
Using the equationx22xmin

2 52.7 for a one parameter, one
sided analysis at 95% confidence level~C.L.!, the upper lim-
its on thegL

2/ML
2 for scalar and vector bileptons are provide

in Table II and Table III. From the tables, combined resu
for upper limits are 3.531025, 1.931024 in the case of sca-
lar bileptons and 9.831026, 7.431025 for vector bileptons
depending on angular regions.

Present limits for doubly charged bileptons are given
low to compare with our results:geegmm /M2,5.831025 at
90% C.L. ~from the muonium-antimuonium conversion!,
gee

2 /M2,9.731026 at 95% C.L.~from Bhabha scattering! in

e
TABLE III. Upper limits on thegL

2/ML
2 for doubly charged vec-

tor bileptons at 95% C.L. A combination of results is also shown
the last row. Acollinearity cutuacol,10° is considered and masse
are in units of GeV.

gL
2

mL
2

gL
2

mL
2

As ~GeV! ucosuu,0.7 ucosuu,0.96

183 ,2.031025 ,1.831024

189 ,1.331025 ,1.031024

192 ,2.031025 ,1.431024

196 ,1.531025 ,1.131024

200 ,1.431025 ,1.031024

202 ,1.731025 ,1.231024

Combination ,9.831026 ,7.431025
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Ref. @6#; g3 /M,(2600)21 from the muonium-antimuonium
conversion at 95% C.L. in Ref.@9#; g3 /M,(215)21 at 90%
C.L. in Ref. @7#; g3 /M,(340)21 at 95% C.L. in Ref.@14#.
Here all masses are in GeV units.
s

09300
In conclusion, it is probable that if complete radiativ
corrections to Bhabha scattering are realized byZFITTER as
well as thee1e2→m1m2 process, more stringent and rea
istic limits will be obtained for doubly charged bileptons.
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