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Left-right asymmetries in polarized lepton-lepton scattering
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Several parity-violating left-right asymmetries in/Mg electron-electron and muon-muon scattering are
considered in the context of the electroweak standard model at the tree level in fixed target and collider
experiments. We show that in colliders the asymmetry with only one of the beams polarized is large enough to
compensate the smaller cross section at high energies. We also show that these asymmetries are very sensitive
to a doubly charged vector bilepton resonance but they are insensitive to scaldS0a&6-282198)09219-4

PACS numbg(s): 13.88+e, 12.60.Cn

I. INTRODUCTION measurement of that asymmetry with large statistics in col-
liders will be difficult.

It is well known that the so-called Next Linear Collider In general we have processes such as

(NLC) will provide opportunities for both discovery and pre-
cision measuremen{i]. With -the con§truction of the next l1(p1, A1) +1a(Pa,No)—11(a1,A) +15(ps,AL), (D)
generation ofe*e” linear colliders, with a center of mass

energy up to 1500 GeV and which will be able to operate

also inyy, ye~, ande” e~ modes, new perspectives arise in whenl; ,=e,u andl} ,=e,u,7,L, with L an exotic lepton.
detecting new physics beyond the electroweak standarth Eq. (1), p;,d; (\;,A;) denote the initial and final lepton
model in processes having nonzero initial electric charggnomentahelicities. In this work we will consider only pro-
(and nonzero lepton numbefFor instance, new resonances Cesses such as

of doubly charged scalar and vector bosons will enhance the
cross section and in this case it is possible that the measure-
ment of the left-right asymmetryARg,) in electron-electron
scattering can be a better parameter to signal out those reso-

nancegif any) than th_e total cross s_ection itse_lf. On the otheryote that if we were considering quarks in the final state,
hand, although the First Muon ColliddFMC) will be one of  there must be a mixing of ordinary quarks with exotic ones
the typeu ™ u™ (it is a circular maching[2], if this sort of  since with the known quarks we cannot build a doubly
technology were mastered, perhaps a Linear Muon Collidegharged state.
(LMC) will be feasible. In this work we will consider mainly Our main goal is to compare left-right asymmetry in the
e~ e” processes but we will also comment on the muon cas&ontext of the electroweak standard model in fixed target
experiments with the respective one in colliders experiments.
Since we are not neglecting the masses of the fermions, we
A. Lepton Mdller scattering at high energies can use the same amplitudes for the casee®é~ and
The appealing features for studying parity-violating asym-#4 #  Scattering. We also study the behavior of that quan-
metries between the scattering of left- and right-handed pot_|ty when a vector or scalar bilepton is considered in collider
larized electrons on a variety of targets were pointed oufXperiments.
some years ago by Derman and Marcig8¢ In particular,
in the context of the electroweak standard mo@&S$M) [4] B. Four-spinor helicity eigenstates and left-right asymmetry
the measurement of the;, asymmetry determined the rela- i i i
tive sign between the weak and electromagnetic interactions. In th!s work we W'!I not peglect the ESM I—!lggs—lepton
It is well known that the left-right asymmetry in electron- Interactions bec_:ause n colll(_jer e_:xp_erlments_wlth muons the
electron Mgller scatteringfixed target and an unpolarized _nggs contr|but|ons_ are not, in principle, ne_:gllglple. Besujes,
target is rather smalk-10~7 (see below[3]. Notwithstand- in the future we will consider processes in which the 'f|nal
ing, since the scattering has a large cross section, we Céﬁpton can ber or even an exotic Ie_ptoh (qr even exo_tlc
expect that fixed target experiments like those at SUAC qgarksJ). Hence, we \.N'." work with massive four-spinor
will have a number of events enough to determine such g'genvectors of the helicity operator, defined as
small number. The typical beam energy of such experiments ;. 9/| »| 0
is 50 GeV and both the incident electron beam and the target s :( biip ) ) 3)
electron can be polarized. On the other hand, collider experi- 0 - §/|5| '
ments were stopped years ago at very low energies, around
1.2 GeV[6]. Although theAg, asymmetry is larger in col-
liders than in fixed target experiments, the former have avith the gamma matrices in the chiral representation, which
smaller cross section. Hence, it seems at first sight that are given by

(P2, A1) +1(P2,N2)—1(dy, A1) +1(02,A5). (2

0556-2821/98/5®)/09402615)/$15.00 58 094026-1 ©1998 The American Physical Society



J. C. MONTERQO, V. PLEITEZ, AND M. C. RODRIGUEZ PHYSICAL REVIEW B8 094026

(1+ n,)cog 6,/2)e 472 Another interesting possibility is the case when both lep-
. i tons are polarized. We can define an asymmétgyg, in
i /2 L
ur=N, (1+m)sin(6)/2)e l_ which one beam is always in the same polarization state, say,
(—1+n)cod §/2)e 42 |" right handed, and the other is either right- or left-handed
(— 1+ 7,)sin(6,/2)e 72 polarized(similarly we can definé\ . g):
_ : —i¢2 dO'RR_dO'RL dO'LR_dO'LL
(= 1+ q)sin(6/2)e ‘ ARRL= g0 Tdo ' AR go vdo . 10
—(—1+ m)cog 6,/2) e 412 " TRt AR o tdog
u_=N . i , 4
T A+ g)sin(g/2)e 42 We can define also an asymmetry when one incident par-
—(1+ #)cog 6,/2)e' 42 ticle is right handed and the other is left handed and the final

states are right and left or left and right handed:
where we have defined

dO’RL;RL_ dU’RL;LR

E, , Ei+m ARL;RL,LR:dO_RL;RL_}_dO_RL;LR (11)
N|: 2. = E — ' (5)
(1+77) 1= m

or, similarly, A gr.rLr- These asymmetries, in Eq6LO)
E, andm, being the total energy and rest mass for the leptornd (11), are also dominated by QED contributions. How-
|. (A=1 andc=1 throughout this work.In Eq. (4), uz and  ever, this will not be the case if a bilepton resonance exists at
u_ denote positive energy spinors with positifight) and  typical energies of the NLC. To show this fact is the goal of
negative (left) helicity, respectively. Similarly expressions the next section. These asymmetries can be calculated for
can be obtained for the negative energy solutions but we wilPoth fixed targetFT) and colliders(CO) experiments.

not write them explicitly. This work is organized as follows. In Sec. Il we study the
The left-right asymmetry is defined as left-right asymmetries for both fixed target and collider ex-
periments in the context of the ESM and fa e~
dog—do —e~e”. We also briefly consider the case @f u~ collid-
ArL(Il—11)= dog+do,’ ()  ers. The same asymmetries for colliders are shown in Sec. Ill

but considering the contributions of vector and scalar bilep-
wheredog ) is the differential cross section for one right- tons. Our conclusions appear in the last section while we left
(left-) handed leptor scattering on an unpolarized leptbn ~ Appendixes A—E for showing the several amplitudes and

That is, cross sections we have used in this work.
A (1l —11)= (dogrtdogy) —(do | +doR) @ Il. LEFT-RIGHT ASYMMETRIES IN THE
Rt (doggrtdog)+(do +dog)’ ELECTROWEAK STANDARD MODEL

whereda;; denotes the cross section for incoming leptons ~ Let us consider the lepton-leptédiagonal process in the
with helicity i andj, respectively, and they are given by  context of the electroweak standard model at the tree level.

The relevant part of the Lagrangian of this model is

daijoc% Ml iLjsk]=L,R. (8) gm— o
LF:_Z mlﬂi‘/liH —eZ aihiy" A,

When both leptons are identical we can use the property
MRL:RL:MLR;LR (Wh|Ch implieSdO'RL=d0'|_R) assured by _ i i 5
rotational invariance in the former case. Hence, for calculat- 2 COSHy V" Gy Gay )iz, (12
ing the asymmetrnAg, in Eq. (7) we use
6y=tan l(g’'/g) is the weak mixing angle, and

2 2 2 2 . . . . .
dorr* [MrrRrAI“+ MrrLRI*+ [MrRRU+ [MRRLL 5 e=gsinfy is the positron electric charge withsuch that

2 2 2 2 8G-M?2
dog % Mg rR*+IMrLrU“+ IMRLLrI“+ MR ('9b) 92= \75 Y or g¥a=4msiey, (13
2 2 2 2
dor*|M g R “+ [MirrU" Mg LRI “+ MR f90 with a~1/128. The vector and axial neutral couplings are
and gy=ta (i) -20;Si0y, ga=ta(i), (14
do =M rrl?+IM LR FIM L RIPHIM L2 wherets, (i) is the weak isospin of the fermiarandg; is the

charge ofi; in units ofe.
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A. e"e” fixed target experiments = 1t
With the spinors in Egs(4) we have obtained all the g
helicity amplitudes of Ref[3] whenm,—0; even with the £ 0.8
actual value ofm, the numerical value for thé\g (e€ g?
asymmetry coincides with that obtained in RES] (i.e., at 0.6} — = —
the tree level as it should be. In fact, neglecting the lepton e ~
masses we obtain the asymmetry for a FT experiment in the ¢ 4} J
ESM context: Y N
N\

GeQ? 11—y "2 s
ARPESMII 1)~ — % (1-4sifoy), \

\/Eﬂ'a 1+y*+(1-y)* .

(15) 0.2 0.4 0.6 0.8 1

where Q?=—(p;—p1)% y=siri(@/2), and the other
constants are the well knowing, Gg, and sid. For FIG. 1. The asymmetry with both beams polarized defined in
FT experiments we have Q*=—qg?=y(p;+ p1) Eg. (10) in a fixed target experiment for the procesSe~
=y(2m,21+ 2m; Epeand- In Eq. (15) the approximatioom? ~ —e~ e~ as a function ofy=sir?(6/2), whered is the center of
<Q2<M§ was used. Also terms of ordem, /Epas, Were mass scattering angl@olid line) and the same quantity but only

neglected. This approximation is valid even B~ 1 E:((j){:sssrl](je?jr||ri1r%3 the photon contributions given in Appendix A1l
TeV (typical energies of the NLCsince in this case)?
~0.5 (GeVy. _ ~ for the case of the asymmetry defined in Eg). This is due

We see that for a FT experiment, tAg, asymmetry iS g the fact that the contributions proportional ¢4 do not
small; in addition to the factor 14 5'”2_6W we have a small  cancel out. When we calculate the asymmetry with the target
Q?[7]. Using the helicity amplitudes given in Appendixes A nnojarized the cancellation occurs and we obtain the ex-
and B, withEpeani=50 GeV, 6~90° (y=1/2), and for  pyression given in Eq(15). In Fig. 1 theAr gL asymmetry

100% beam polarization, we obtain appears when all amplitudes in Appendix A 1 are consid-
FTES . _7 ered. In Fig. 1 we also show the same asymmetry but only
ARL Hee~eg~-3x107". (16) considering the photon amplitudes which are given in Ap-

Jpendix A 1. We note that, in fact, electroweak contributions
are important as can be seen by comparing Figs. 1 and 2.
For theoretical purely QED calculations in the Born ap-
ARTEMee—ee)~ —6X107%(Epeand1 GEV).  (17) proximation see Ref¢8,10] and for radiative correction see
Ref.[10]. For experimental data see RE). The difference
Radiative corrections reduce the tree level value for thevith the theoretical calculationg8,10] is due to the elec-
ARTESM asymmetry ine"e~ by 40+3% [7]. Although the  troweak effects that we have considered. This indicates that
asymmetry is small in FT experiments, the cross section ofhis asymmetry is sensitive to massive vector boson ex-
the Mdler scattering is highor~10° nb. In Eq.(C1) we changes. Measurements of the QED contribution to the
show the differential cross section for the fixed target case Ar.rL @Symmetry(i.e., with both the incident beam and tar-
The AE-TF}ELSM asymmetry defined in Eq10) is shown in ~ 9€t longitudinally polarizedin a fixed target experiment
Fig. 1 as a function of s#f@/2). This asymmetry is domi- with a beam energy up to near 20 GeV are given in F&f.
nated in the context of the ESM by purely QED effd@g9).
However, we will see that it sensible for purely electroweak

Hence, for FT experiments we have confirmed the valu
obtained in Ref[3] for the case ok~ e™ at the tree level:

B. e"e™ collider experiments

effects. In fact, for massless electrons we hesee Table ) Next, let us consider a collider experiment with the inter-
actions given in Eq(12). In this case the transferred momen-
ARRL (ee—ee) tum is
1-y*—(1-y)* 2_ _(p'—p.)2
5Bl OR+40van) + O(BY) Q== (PP
_ y(d-y) , S
- ’ 2
Lry*+ (1-y)* =—mp, -+ 5
5 +SBw(300+ UA+49v0n) + O(BY) o2
y“(1-y)

(18) — 2 cosd

1/2
s s

222 - 2

5o
where By=g%/4maM3~5.2x10"*. Notice, however, that _
there are electroweak contributions which do not have the HSS"‘ZE' when m; —0.
suppression factor &43\2,\,. Hence, the last effects are
greater than in the case when the target is unpolarized, i.e-ence, nowQ? is not a small factor.

(19
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TABLE 1. Nonvanishing contributions in the ESM when the lepton mass is zero. H&ye

=g2/4ﬂ'aM§.
Initial\Final RR RL LL LR
RR 1 , 0 0
—_1+235W(QV+QA)
y(y—1) B
RL 0 y 2 2 0 1-y 2 2
r"'syﬁw(gv_g/\) —— +sBw(1-Y)(9y—9a)
1-y y
LR 0 1-y > 2. 0 y > 2
T"'Sﬂw(l_y)(gv_gA) 1Ty+5yf3w(gv_gA)
LL 0 0 0

y
1y +25Bu(gyv+da)®

As we said before, in the ESM the total cross section iscross section in colliders can serve to detect new resonances.
~1000 nb in FT experiments ang10 3 nb in collider If this is indeed the case, the cross section will have typical
experiments at/s=300 GeV.[See Eqs(C1) and(C2) for ~ resonance enhancemet Recall also that the collider mea-
the differential cross section in the context of the elec-surements of\g, in Mdller scattering unlike the case of FT
troweak standard model for collider and fixed target experixperiments will not have a background fraM scattering.
ments, respectively.So the required luminosity, or the pa-  Thus, it is worth considering the contribution to tAg,
rameter to be measured, in colliders must be larger than iasymmetry at the energies of next linear colliderectrons
fixed target experiments. According to Czarnecki and Mar-up to 1.5 TeV and also in muon colliderémuons up to 4
ciano[7] the number of scattering events required for 280 TeV). Although a large polarization implies sacrifice in lu-
statistical accuracy in FT experiments is of the order df10 minosity at a muon collidef2], new physicgif any) with a
However, since the cross section for/ Mo scattering in FT  clear signature could be distinguished even with low lumi-
experiments is large at lo®?, the above requirement does nosity. Anyway, the asymmetry depends more on the polar-
not intimidate us. On the other hand, in collider experimentdzation than on the luminosity.
the cross section is rather smaller than that of FT experi- At energiesys=300 GeV andg~90° (in the center of
ments at high energies. Notwithstanding, as in this case theass framgthe asymmetry is
asymmetry is~10° times the corresponding value for FT
experiments[11] [see Eq.(20) below], the 1d eventsiyr, AECL)' ESMee—ee)~—0.05. (20

which is the number of events expected for a luminosity of
£~10° cm 2s™ !, will provide statistics just enough Compare with the value for the FT experiment given in Eq.

(VN/N~10"2) to measure, although poorly measure, the(16). In Fig. 2 we show thé\5P=5Masymmetry as a function

Ag, asymmetry in collider experiments. In addition, if new of \/s and6. Notice that this asymmetry is a smooth function
physics does really exist at the hundreds of GeV level, th@f both variables.

COESM
ARrL

(OGP) 400

FIG. 2. The asymmetrpASOESM defined in Eq(7) for thee e~ —e e reaction as a function of's and the angle.
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FIG. 3. The angular-integrated asymme&§°-E*M defined in Eq(21) for thee e”—e~e~ reaction as function of/s.

We can mtegrate in the scattering angle and define theesponsible for the different values in Eq20) and (22).

asymmetryAg, as Independently of the numerical value of the Higgs contribu-
tions, the important issue is that all its main contributions
A (1l —11) (see the amplitudes given in Sec. Adancel out in the\g,

asymmetry defined in Ed7). In fact, as we will see in the

d +[ g _ do + | d next section, even in models with larger scalar-lepton cou-
IRR ORL oL LR plings the extra scalar contributions cancel out.
(JdURR+J dURL)+(JdULL+J dULR) lll. LEFT-RIGHT ASYMMETRIES IN BILEPTON MODELS

(21 An example of possible new physics are models with a

. doubly charged vector bos¢@2]. Then, the charged current
where fdo;;=[¢? do;. This integrated asymmetry for interaction in terms of the physical basis is given by
ee—ee in the electroweak standard  model
[ASOESM1I - 11)], appears in Fig. 3 as a function ¢6. We O — sty ot T el Tey . gt

. . ——[v E/'E| | W +I/y*ExE/v V
see that this integrated asymmetry varies slowly wighand \/E[VL LB TILY ER ELVLY

it is almost constant at the value-0.02 above\/§ S .
=400 GeV. = ELILUM ]+H.c, (23

with 1/=E|l,, I4=Eklg, v =Elv, the primed
(unprimed fields denoting symmetrgmas3 eigenstates. We

A hypothetical fixed target~ u.~ experiment at the same see from Eq.(23) that for massless neutrinos we have no
Epeamenergy used in Sec. Il A gNegRL(:“M) ~5.4X10"°  mixing in the charged current coupled W' but we stil
for 6~90°. In this case Q%= (Me/M,)Qdkcron  have mixing in the charged currents coupled\tg and
~4.2 GeV. A more realistic case is the "~ collider U, ". That is, if neutrinos are massless, we can always
where, for the same experimental conditions as in the prewchooseEVTEl 1. However, the charged currents coupled to

ous subsection, we obtain v, andU++ are not diagonal in flavor space and the mixing
AR M pp— pp)~—0.1436. (22 matrlx K= E'TEL has three angles and three phadés
arbitrary 3<3 unitary matrix has three angles and six
Notice the large value for the asymmetry for the muons withphases. In the present case, however, the métng deter-
respect to the electron case given in E2). mined entirely by the charged lepton sector; so we can rotate
In the electron case the Higgs contributions are negligibleonly three phasegl3].)
For the muon case, if we do not take into account the Higgs If the biIeptonUZJ’ is not too heavy, say, with a mass of
amplitudes given in Appendix A 1, the asymmetry in Eq.the order of a few hundred GeV, it is possible that it will
(22) has the value of-0.1437, showing a slight dependence appear as a resonance in the next linear colliders. Assuming
on the Higgs contributions. There are also effects of the lepthat the matrixC is almost diagonal we can neglect the mix-
ton mass in they,Z contributions to the asymmetry that are ing effects in processes involving the same initial and final

C. U™~ experiments
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leptons ad ~1~—1"~1"~. The helicity amplitudes fot) ex-  the appropriate mass to " and Z° vector bosons, it is
change in thes channel are given, at the tree level, in Ap- NOt necessary thats be of the same order of magnitude than
pendix D. We do not know yet the total widffi, of the the other vacuum expectation values that are present in the
U™~ bilepton; however, we know that at least it has to decaymodel. Hencey s may be of the order of a few GeV since the

into 1 71"~ If these were the only channels, we have, for theheavier lepton is the with a mass of 1.777 GeY15]. No-
width, tice that since the neutral part of the sextet is a doublet of
SU(2), these fields have=M3/M2 cog4,=1 at the tree
o GeMy ) level. The doubly charged membkr; * is part of a triplet
U=l = 627 |K‘i| ' (24 with its neutral partner having vanishing vacuum expectation

value (if neutrinos do not get Majorana masgse$here is

and if K;; is almost diagonal, the main decays will ke also a doubly charge#i, © which is a singlet of S(2).

—e e ,u u ,7 7 ; with an illustrative value ofM Strictly speaking the VEV which is in control g5 (and
=300 GeV, we havel'(U—leptonsy>36 GeV. Recent flavor-changing neutral currents coupledzp is that of the
analyses based on the cross section for the reaetian triplet which breaks the SU(3®U(1)y symmetry. For an
—p~p~ using effective interactions consider doubly arbitrary high value for this VEV we can obtain the ESM
charged vector bileptons of mass 200 GeV for an effectivgyredictions. At the one-loop level it is possible that a fine-
constant coupling of the order of 0{14] which corresponds  tuning is required but this deserve a more detailed study.
to our Kj;~1 case. In models with such a vector bilepton  From the experimental point of view a lower bound on the
there are several Higgs fields and also exotic quarks. Hencgyass of doubly charged scalarsnig«+>45 GeV[16,17]
we should have to take into accout = —scalars and also ¢ we recall that the phenomenology of tHe * derives
U™ —d3d™ 3, uy(uz)I*?, with d; anduy  denoting sym-  from its couplings. The processes which have to be consid-
metry eigenstates of the known quarks af®{J®) denotes ered arey/Z—H"*H™~ and H™~—I"I’~ [18]. In the
an exotic quark(antiquark of electric chargeQ. The left-  model of Ref[12] the coupling?w~ W~ with doubly charged
handed mixing matrices, defined by the relation among thgcalars does not exigthe vertex always includes a single
symmetry eigenstateprimed field$ with mass eigenstates charged vector bileptol~; i.e., the coupling which really
(unprimed fields i.e., U, =V'U, andD;=VID,, survive exists is withvV~W™).
in the Lagrangian density. Thus, the partial width is of the  Although the bilepton model we consider here is a gauge-
form (neglecting the masses of the qua®s invariant theory which has its own scalar spectrum, we will
consider in this work the bilepton contributions as extra con-
CGeMj, V). |2 o5 tributions to the electroweak standard model ones due to the
677\/5 [(VDail% (29) fact that in any case the neutral Higgs contributions are
smaller than that of the doubly charged vector bilepton. We

and similarly for the other decays intoquarks. Notice that denote this by using th¢ESM} and {ESM+U} labels in
the mixing matrix in Eq(25) is not necessarily equal to the Cross sections and asymmetries. However, as we will show,
Cabibbo-Kobayashi-Maskawa mixing matrix which is de-the doubly charged scalar bilepton contributions, denoted by
fined asVexy=V!"V¢. The parameters in both Eq4) {ESM+H}, cancel out in the numerator of tig, asymme-
and(25) are constrained for other processes but here we will'y- Hénce, in practice our calculations can be considered a
not consider these constraints. A realistic calculation willirue effect of the bilepton model of Reff12].
have to take into account the masses of the exotic quharks
At present, however, there are no experimental data bounds
on the values of these masses. Of course, there are also tri-
linear vector interactions) ~ " —W~ V"~ that it will occur if By using the expression in EqéC1) and (D6) we can
Myt+tMw<My (V™ is a singly charged bilepton present in compute the effect of such bilepton fields. In Fig. 4 we show
the model. As a detailed calculation oF , is out of the the ratioo®O:ESMV; xCOESMfqr the vector bilepton case as a
scope of this work, we will considdr, as a free parameter. function of /s andI',. We observe that this ratio becomes
In this model the Yukawa couplings between leptons andppreciable for/s near theU resonance as expected. In this
a sextet of scalars transforming a8,Q) under SU(3) case we have chosen an arbitrébut reasonablevalue of
®U(1)y are of the form gun(¥ai) ¥y S; where a,b  My=300 GeV to illustrate the cross section behavior. We
=e,u,7, i,j are SU3) indices and the matrig,, denotes also note that this quantity is smoothly dependent onlthe
a symmetrical matrix. If this is the only lepton-Yukawa in- values. Since the cross section could be large attipeak,
teraction in the model, by using a discrete symmetry we caiif the mass of theU is lower than the energies of future
avoid the coupling to the triplet~ (3,0); there is no flavor- collider experiments, it is interesting to know the value of the
changing neutral currenFCNC) in this sector and the Ag_asymmetry at these energies.
lepton-Higgs sextet couplings are proportional ng/vg Here, we will not show the analytic expressionmgo,
wherem, is the lepton mass angs is the vacuum expecta- but at the same conditions as Eg0) it gives
tion value (VEV) of the neutral component of the sextet.
Since there are already two other scalar triplets which give

T(U™ " —dyd 3= ——

A. e~e” high energy colliders

ASOESMU(ga ee) = —0.099, (26)
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FIG. 4. The ratiooCO-ESMU o CO.ESMfqr the total cross section obtained from EBS) which includes thes-channelU ™~ contribution
and Eq.(C2) for the ESM for the reactioe e~ —e e~ as a function ofys andl';.

and we see that it is larger than the respective value obtainadodel, the result will be, in fact, independent of it. As ex-
in the context of the ESNisee Eq(20)]. A more illustrative  pected the asymmetry is larger in thepole. In Fig. 6 we
quantity is the angular-integrated asymmetry defined in Eqquote the quantity

(21) and denoted here b O FSMVY(ee—ee). We show

it in Fig. 5 as a function of/s andT ', . We can observe that
the dependence of’, cancels out inAg c©ESMY(ee

(27)
—ee), so that even if we do not use a realistic calculation o
for I'y based in all possible decay channels predicted by thevith the A’s defined in Eq(21), as a function of/s andT', .

5KR (ee—ee)= (Kgce,Eswu _ Kg?,ESNb/KgE),ESM’

S 400
=-0. 4 TR .
i e

cO,ESM+U

A

PO(OE’D‘) 10 200

FIG. 5. Same as Fig. 4 but taking into account the contributions of the biléptonas a function ofys andl'
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50

40 = 7 400
- )
|§ 30
w3
4\
20 QQJ
Iy &
7@,
eV) 40 200
FIG. 6. 5Ag, defined in Eq(27) as a function ofl', and /s for e e~ —e e".
As observed above this quantity is independerit gf 5Ag, B. u~u~ high energy colliders

is large at theJ resonance; however, we would like to stress  \ve can calculate all the above asymmetries in the case of
that it remains appreciably large even far from thepeak. 5 possiblexw~ collider. For instance taking into account

That particular behavior suggests that this quantity could bene contributions of th&) ~~ vector bilepton we obtain
the one to be considered in the search for new physics, like

the bileptonU ™, in future colliders. ASOESMU( i ) =—0.1801, (29
Next let us consider the scalar contribution in the model.

The s-channel amplitudes appear in Appendix E. In thiswhile the contribution of thed ~~ scalar bilepton gives

model the amplitudes in Appendix A 3 are used by making

v—uvs, and, as we said before, in models with several scalar ASOESMAH( ) — ) = —0.1436, (30

multiplets it is possible that one of the neutral scalars does

not contribute significantly to the&/~ andZ masses. It means for M, " =50 and 300 GeV.

that the VEV of such a scalar can be of the order of a few As discussed above, in the model with bi|eptons the VEV

GeV. In this case there are some scalar contributions WthBf the neutral scalar Coup|ed main|y with |ept0n3 does not

are proportional tan, /v with m; denoting the lepton mass need to be equal to the VEV of the ESM+{246 GeV) but

andvs is a VEV which gives mass for the leptons. it can have a lower value, says~10 GeV. For the muon
Here we will useM};"=50,300 GeV(for bothi=12 case we calculate the asymmetry in E2Q) with and with-

although the masses of the triplet and singlet might be difout the ESM Higgs scalar contributions given in Appendix

ferend andvs=10 GeV only as an illustration. We also take A 3. The respective values are0.1436 and-0.1442. If the

for colliders \'s=300 GeV. Taking into account the ESM mass of theJ ™~ were 500 GeV, the asymmetry in EQ9)

plus the scalar contributiofbut not the vectot) ~~ contri-  has the value-0.0133.

butiong we obtain

ASOESWH(g o 0e = —0.05, 28 IV. CONCLUSIONS
We have shown in this work that collider experiments can
for y=1/2. We see that this value is the same as the purbe suitable for studying the left-right asymmetries in lepton-
ESM contribution given in Eq(20). This is not a surprise lepton scattering. In fact, we have shown that in this case the
since the purely scalar contributions cancel out in both th@symmetries are larger than those which appear in fixed tar-
neutral Higgs(as in Appendix A3 and also in the doubly get experiments. In particular we have shown that there are
charged Higgs contributions as can be seen from the amplsignificant differences between electron and muon asymme-
tudes in Appendix E and the definition of the asymmetry intries, the muon ones being larger than the electron ones due
Eq. (7). However, in the muon-muon case the interferencgo mass effects. However, more details were given here for
terms among the neutral Higgs andZ contributions are the electron case. For instance, thg asymmetry, when the
relatively significant as we will see in the next subsection. contributions of theJ ™~ vector bilepton are considered, is

094026-8
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TABLE Il. Nonvanishing contributions of th&)-vector bosons Finally, a remark: in some models with vector bileptons

when the lepton mass is zero. such asU~~ the decayu™—e~e"e" (and similar ones
does occur. The branching ratio for this decay~i40 12

Initial\Final RR RL LL LR [15]. This bound strongly limits theCe, couplings. The
RR 0 0 0 0 branching fraction fow— 3e decay is
RL 0 —2(1-y) 0 2y KoK 2 1
LR 0 -2y 0 2(1-y) B(u—3e)x| ——=| —. (32)
LL 0 0 0 0 MG ) Gk

For My=300 GeV andl..~1 the experimental value for

larger than the ESM value, as can be seen from Fig. 6 for théhe above branching ratio implig€,~10°. The doubly
electron-electron case. On the other hand, the purely scal&harged scalar will also contribute to these rare decays. For a
bilepton contributions cancel out in the asymmetries as caRomprehensive analysis of the constraints on bilepton masses
be seen from the expression given in Appendixes A 3 and gand their _coupling constants with leptons and for several
Only the interference terms between the scalarsyddam-  types of bileptons see Ref19].

plitudes survive and these are not negligible in the muon-

muon case. ACKNOWLEDGMENTS
Concerning the asymmet#g.g, defined in Eq(10) i.e., This work was supported by Fundacde Amparo Pes-
when both beams are polarized, we see from Table Il that i@]uisa do Estado dé 8&aulo(FAPESP, Conselho Nacional
is given by de Ciacia e Tecnologi#CNPg and by Programa de Apoio
a Nicleos de Excélecia (PRONEX.
ARRE Y (eesee)~—1+0(Bw), (31) ( X

. . . APPENDIX A: INVARIANT AMPLITUDES IN THE ESM
and comparing with Eq.18) we see that the maximal value

of ARRL " Y(ee—ee€) and its dependence grare different In this appendix we give the invariant amplitudes for the
in models with vector bileptons and the electroweak standaridller scattering in the context of the SU@@)U(1)y
model (almost purely QED case. At theU resonancelor,  (ESM) model. Although the Higgs boson in context of the
>dogg, and hencAgx > Y(ee—~ee~—1. Inthe ESM  ESM gives contributions that are negligible for practical pro-
on the contrary we havedogg>dogr,, and hence PoOses, we include its cqntributipn. In modeI; with a rich
Ag%fswe%ee)m +1. Similarly, AE%ESWU(e%ee)~ scalqr spectrum and/or Wl_th exotic heavy fe_rmlons the scalar
—1 andAC%ESMee »ee)~ + 1. Although this asymmetry contribution may become important. We omit a common fac-

is large in 'Bg't‘h the ESMsee Fig. 1 and the bilepton model tor of (2E;)? in all amplitudes since it cancels out in the

the sign of it is opposite and could be useful for discovering®Symmetries for diagonal processes suckas —e e .
such a vector field.

Summarizing, we have calculated in this work several
left-right asymmetries in the context of the ESM and in mod-  Up to a factorie?/t the t-channel amplitudes afeecall

1. Photon amplitudes

els with both vector and scalar bileptons. thaty=sir?(8/2), 1—2y=cosé, and ¥%(1—2y)=sind]
|
AEZ+[(1-2y)—3]m? m,
MgR-RR(t): 2 ) MgaR;LR(t):M%R;RL(t):_zyllz(l_zy)- (Ala)
2E; 2E,
m;
MEriL(t)= E—Izy, (Alb)
2E2—m?
MZR;RR(U: M ZR;LL(t) =M %R;LR(t)’ MZR;LR(t): ?(1_)/)- MZR;LR(t) = MgR;LL(t)a (Alc)
I
MELRROD=MEL (D =—MEg(r(t), MZEL R(D=Mg (1), MZ.  ()=MEg (1), (Ald)
MZL;RR(t): M%R;LL('[): - MZL;LR(t): MZL;RL(t): M %RLR; MZL;LL(t) = MI%RRR(t)' (Ale)

and the photom-channel amplitudes, up to a fact@®/u, are,
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AEZ—[3+(1—2y)]m?

MErrr(U)= JE? , MErLr(U)=—=MErp(U)=MEgR(1), (A2a)
i
my
M%mﬁg(l—y), (A2Db)
|
m|2 2EZ—m?
~MrrrUW=Mg L (W=MEr (D), Mg (W)= E2 MZR;RL(U):T)’: (A20)
i |
MELRrR(UW =—MZ. | =MErr(1), Mk g(U)=Mgg(U), MZ g (U)=MEg (U), (A2d)
MU LrrRW =Mk (W), M g=M{ r(W)=MEg r(D), M. (U)=MZrrr(U). (A2e)
2. Z amplitudes
Up to a factorig?/(t—M3), thet-channelZ-exchange amplitudes are
2
4E2+[ -3+ (1—2y)]m? 2_me\*
M&rrr(t) = > (69+00) —4 —=—| 9vla, (A3a)
2E; E
z m 5 2 z m > oo
MRR;LR(t):Z_IEI(gV+gA)2y (1-2y), MRR;RL(t):Z_El(gV_gA)Zy (1-2y), (A3b)
m?
M&rLL(D)= z{gvy+gA[3+<1 2y)1}, (A3¢)
MER;RR(t):M rLL(t)= M& rrRLU(D, (Ada)
z 2E7- z m? 2 2
Mg r(t)= E— (95— 92)Cop. MLR;RL(t):E(gV_gA)ya (A4b)
i
MRLRR(t) MRLLL(t) MRR,RL(t)a MéLLR(t) MLRRL(t)- MéL;RL:MER;LR(t)v (A5)
MEL re(D)=M3Z rRrLL(D), MEL;LR(I):M Lru(D)= Mg RrLR(D), MEL;LL:MéRRR(t)- (AB)
Up to a factorig?/(u— MZ), the u-channelzZ-exchange amplitudes are
4EZ—[3+(1—2y) ]} 2—m?|
Mgrrr(U 2 (95+92)—4 = gvOa. (A73)
| |
MErLrR(W=M&rr(D), Magr(U)=—MZgrr. (1), (A7b)
2
z mj 2 2
MRR;LL(U):E{gv(l_y)+gA[(1_2y)_3]}a (A70)
|
z z z z m? 2 2
MirrrRW =M{g L (U)=MggrRr.(1), MLR;LR(U):E(gv_gA)(l_y)' (A8a)
i
. 2E?—m? .
M{rRrL(U)= e (9v—9a)Y; (A8b)
i
MéL;RR(u):MéL;LL(u):MéR;RL(t)* MéL;LR(u):MER;RL(u)' MéL;RL(u):MER;LR(U)' (A9)
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MEL;RR(U):MéRLL(u)v MEL;LR(U):MEL;RL(U):MéR;RL(t)! (A10a)
AE2—[3+(1—2y)]m? 2_mz\ 2
MEL ()= £2 (gv+9R) +4 gz | 9o (A10b)
i |

3. H® amplitudes

HereH? denotes a neutral Higgs boson with couplings like the ESM Higgs boson. Up to a co'rmﬁ’oﬁ(t— ME') factor,
the t-channelH-exchange amplitudes are

H m|2 H H M 12 H
Mgrre(t)=— E2(1 y), MRR;LR(t):MRRRL:_Z_Elzy (1-2y), Mggi(D)=Y, (Alla
i
MLR rR( ):MER;LL(t):MgR;LR(t); M RLR(t) MRRRR(t) MER;RL(t):MERLL(t)* (Allb
MEL;RR(t):MgL;LL(t):MER;LR(t)! MEL;LR(t):MSR;LL(t)' MER;RL(t):MER;RR(t)v (Allo
MEL rr()=MA rrLL(D); _MEL;LR() MIIjL rU() =M} rRrLR(1), MEL L(H=MJ RRRR(1)- (Alld)

Up to a commorim; 2lv2(u— MH) factor theu-channelH-exchange amplitudes are

H m|2 H H H H
MRRRR(U):_E% —Mgrr(W)=Mgrr =Mgrr(t), Mgg (U)=1=Y, (Al23
|
MER;RR(U):MER;LL(U):MERLR(t); MER;LR(U):MERLL(U)1 MER;RL(U):MER;RR(U)! (A12b)
H __ \gH _agH _ \gH _agH H _agH
MRrLrrR(W =~ Mg L (U)=Mggr(1), MgLr(U)=Mgrrr(lU), Mg g (U)=Mgg(U), (Al12c)
MEL;RR(U)zMERLL(U)i MEL;LR(U)zMEL;RL(u)ZMERLR(t)- MEL;LL(U)Z_MER;RR(U)- (A12d)

APPENDIX B: TOTAL AMPLITUDES IN THE ESM
We define

Ij kl_z MI] kl(u)+2 MI] kl(t)+2 MU kI (Bl)

as the total amplitudes for fixeig ;k| polarization and exchanged particl¥s= y,Z° H®, and others. In the context of the
standard model only and u channels contribute. Notice also that these contributions arise only when the lepton-lepton
scattering conserves flavotg),— 141, with |; being equal or not tb,:

" ) [4E?=3m7| (u+t|  m? ™o )(u t) g?[ 4E%2—3m? (G242 u+t—2M3
RR=1€ += +
RRRR 2E2 )" e Y 2| gz | \9vTOA (t—M2)(u—M2)
el E2-mf| u+t-2mM3 | g% mf LI u—t
o2 9voA | (t—-M2)(u-M2)| 2 2E2 29)(gu+ s (t—M2)(u—M2)
4
mto[1-y
_ + , B2
E2e%?\ t-M%  u—M3 ] 23
" . 2—u+t+92 u—t ( .. 2 t—u ™2y, @20
=le - ,
S T T v T A A eV TVEAY Lt
_ g2 u—t m? t—u m,
M =ie? += 2—g3)— ——2yYq(1-2y), B2c
RRRL T (t—M%)(u—M%)(gV ga) 0% (—MZ)(u—MZ)|2E y"(1-2y) (B20)
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izl [V, Y| 97Oy TOR(4=2y) gu(1-y)—GA(2+2y) m [y 1-y
Mrrio=1€% | T+ =t 2 2 2+ 2 2 2t 2
t u g2 e t—M2 u—M2 2E2  e%2\t—-M% u—M3
(B2d)
" . { g2  u+t—2M32 ( 2 m? u—t 131 2y) (629
LR;RR™ 1€ - 95—9 2y —2y), €
tu e (t-MYu-M3 T TN e? (t-ME)(u- MH> 2
Mo nmie? 2 m'(—u_t) gl 2 m ut (95—92)— ml M (1-y)
R = 2lt-m2 B2l (-MHu-MDH/ [ T eRP ERI-ME)  u-M} |
(B2f)
2 m, -t\ g% 2 m? t—u . m,z/ m? 1
MLRRL_Ie 2 +_2 2__2 2 2 (gV_gA)_ 2 2 2 2 - 2 y1
u g2l tu) @2lu—M2 E2| (t-M2)(u-M2) v2 EAu—M2) t—M3
(B2g)
[u+t g2 u+t—2M2 mé  t+u-2M% |m
Mg =i€? + = 2_g2)— ==2yYq(1-2y), B2h
LRLL e (t—M%)(u—M%)(gv ga) 620 (1 M2)(u—M2) | 2E y A y) (B2h)
lu+t @2 u—t m? t—u m,
Mgi.rr=i€2 + = 2—g3)— ~=2y*q1-2 B2i
RL;RR S (t—M%)(u—M%)(gV ga) 627 (1—M2)(u—M2) | 2E y= A y) (B2i)
Mo g2 2+m,(t;)_g_2 2 m t—u (i)t mlz/ m? Lt ,
RELR u g2l tu ) eu-M2 B2 (t-MZu-M2)/ | 7Y A e E2u—-M2)  t-M2) |
(B2)
" |2 mf(u—t)Jrgz 2 m u—t ( : mz/ m? 1y
R=i€Y) == — |+ = -— - - -y),
RLRL t g2 2 t—M2  E2\ (t—M2)(u—M2) 9~ 202\ EA(t—M2) u—M3 Y
(B2K)
Clu—-t ¢g? u+t-2M3 m? t—u
Mgp =i€? += 2—g2)+ 2yY(1-2y), (B2l)
RLLL ut | o2 (t—M%)(u—M%)(gv 9a 202 (1—M2)(u—M2) 2E ZA% y
M i z+1—y)m_|2 o’ 9y TOA(4-2y)  gi(1-y)FgA(2+2y) [y 1oy
HHRR t u g2 e t—M2 u—Mm2 2E2 %2 t-M2 u-M?
(B2m)
CJt-u g u+t—2m3 . . m t—u m?
MiLr=i€? += (9V—0a) — S=2yA(1-2y), (B2n)
[t @ (t-MHu-M2 T TN e2? (t—-ME)(u—MZ) |2E
-U+t g° u+t—2M§ ml2 t—u m,
ML =i€? += Z—g3)— ==2yY(1-2y), B20
LL;RL _ tu e2 (t—M%)(u—M%) (gV gA) ezvz (t—Ma)(u—Ma)_ZE y ( y) ( )
" | [4E2=3m7) (u+t)  m? L g2 4E%— u+t—2Mm2
LLL=ie E? 0 ?( “29)\ +e2 T (g% +93) (- M2)(u—M2)
2 2 2 2
g E —m|/ u+t—2M3 g° mI > o u—t
+4—0v0a + = = (1-2y)(9y+9a)
¢? \(t=M2(u-M3)| * e? 2E2 R NS YETEVE)
4
mo[1-y y
+ + B2
E2e%2\ t—-M2  u—M3 (B2p)
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APPENDIX C: DIFFERENTIAL CROSS SECTION FOR FIXED TARGETS AND COLLIDERS IN THE ESM

In the context of the standard model in a collider experiment we have

doEsM et [1+y*+(1-y)* 2g? 1+2a
i S e M [ S @)
co 1287%s| yA(1-y) e y(1-y)(y+a)[l-y+a]
1— 2 2 4 1— 2 2
x(( 20 y 9 g A=y Y
y(y+a) (1-y)l-y+a]/| e* (y+a)? (1-y+a)?
4 2
g’ > 2 4 (1+2a)
+—(gy+6 +di) , C1
e4(9v 9vOa gA}(y+a)2[1—y+a] (CY
wherea=M?2/s.
For the fixed target experiment we have
oM et p, [1+y+(1-y)* 2
dQ FT 128772mepe (Ee+ me) Per — peEe’Coseee’{ y2(1_y)2

where we have written only the main contribution. Hege (E.) andp. (Ec/) denote the momenturienergy of the initial
and final electron, respectively; cg is the cosine of the angle between the incident electron and one of the final electrons.

APPENDIX D: U AMPLITUDES

In this appendix we give the invariant amplitudes for»1'l" scattering in the context of a model with a doubly charged
vector bileptonU ™ . In principle, the Higgs contributions are not negligible. However, for the sake of simplicity we will not
take the extra scalar contributions into account.

Up to a commorig?/2(s— Mf,) factor, thes-channelU ~ ~-exchange amplitudes are

MRrrr(S)=0, MRg r(S)=0, MRrp(S)=0, Mgg  (S)=0, (D1)
e (S):_E E,—m E/ —m/ vz B E +m, M 12 2y1’2(1—2y) (D2a)
LR;RR 2 E| Ell E|_m| Ell_mlr ’

E—m E/—m'\ 3
L ') { (1-y), (D2b)

MER;LR(S):< EI Er
|

1/2
E+m E/ + m()

MER;RL(S): - \z (D20

Ej—m E/—m/ 12
E E/

. (E,+mI E{+m{)l’2

e Y E-m E —m/ v E,+m E/+m/ 1/2_2 121 o -
LR;LL(S)_ E EI E|/ E|_m| Ell_mlr | y ( y) ( d)
’ P\ V2 ’ 1\ 1/2]
MU R(s)=—£ E,—m, E;—m, B E,+m E +m, 2y12(1 - 2y) (D33
RL:R 2 EI Elr El_ml Elr_mll y Y)
, \ 172 , \ 172
MY (5)= E,—m E,—m, E,+m E/ +m, y (D3b)
RL;LR E| E|/ E|_m| EII_mI, l
’ 1\ 112 ’ ,\ 1/2
MU (S): E|_m| E| —m 1+ E|+m| E| +m, y (Dgc)
RL;RL EI E|/ E|_m| EI/_mI; ’
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MU (S)ZE E|—m| E|/_m|, 12 E|+m| E|,+m|/ Y2 2y1/2(1_2y) (D3d)
RULL 2\ E E/ E—m g/ - ’

MLL rr(S)=0, MLL Lr(8)=0, MEL;RL(S):O' MlLJL;LL(S):Oa (D4)

RR(s) MY RRR(S)+MRRLR(S)+MRRRL(S)+MRRLL(S) 0, (D5a)

MRp.(s)= MHL;RR(S)"‘ MgL;LR(S)"_ MgL;RL(S)+ MgL;LL(S)

_ g’ /El_ml E-m/ | "] E+m E,’+m|’ ]
- 2 E . HNeTm e o |12y, (D5b)
2(s—M2)\ E E —m g/ -
MUR(S)=M{rrr(S) + Mg r(S) + M{rr(S)+ ML (S)
ig? /E|—m| E-m/\ "] E+m E+m/ | ¥
= > £ - 1+ E_m = (1—-2y), (D50
2(s—MU)\ | E I—M E/ -
U (ay— mU U u u _
M{L(S)=M(| rr(S) + M| r(S)+ M r(S)+ M| (8)=0. (D5d)

For the collider case, if there exists a doubly charged vector bbkson which is not too heavy, it will appear at the
energies of the next linear collideffor electron beams up to 1.5 TeMn this case the cross section at thgeak will be
larger than in the case of the standard model. Explicitly, the collider cross section in the cddextldange besides the ESM
contributions is

do_ESM-%—U’ do ESM‘ [ gz , , gz
IO PO TV 12&72{ oYY e
Y =(1-y)® ¢* , L Yyiy+ta)—(l-y)*(l-y+a)
| Tya—y) +e?(gV 9 (y+a)(l-y+a) ’ (0B

whereb=M?2/s.

APPENDIX E: H** AMPLITUDES

Here we will consider the amplitudes of the two doubly charged sci@rs andH, © which are present in the model of
Ref.[12]. The former is part of a triplet of S@2) and the latter one is a singlet of 8). Hence, the experimental lower bound

on their masses will be different. Up to a commomnflm,— E)2/v§(s— Mﬁi), i=1,2, factor the amplitudes are
H: H; (mI_E)(E+m|)
M_L Lo=—M =Ml =M = El
RRRR RR,LL LL LL— LL RR™ E2+m|2 ( )

with the other amplitudes vanishing.
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