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Discriminating new physics scenarios at the Next Linear Collider: The role of polarization
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We explore the potential of the Next Linear Collider, operating inelyenode, to disentangle new physics
scenarios in singl&/ production. We study the effects related to the exchange of composite fermions in the
reactioney—Wyv,, and compare them with those arising from trilinear gauge boson anomalous couplings. We
stress the role played by the initial state polarization to increase the reach of this machine and to discriminate
the possible origin of the new phenomefi@0556-282(197)02917-7

PACS numbdps): 12.60.Rc, 13.88:e, 14.70-¢

[. INTRODUCTION results, is the existence of anomalous vector boson self-
interactions. Our knowledge of the structure of the trilinear
The standard moddEM) of the electroweak interactions couplings between gauge bosons remains rather poor despite
has received striking confirmation after the recent set of preseveral experimental searches have been carried &t
cise measurements made by CERN Large Electron-Positrd@ne of the main goals of LEPII collider at CERN will be the
Collider (LEP) [1]. In particular, the properties of the neutral study of the reactiore’e”—W"W~ which will lead to
weak boson and its couplings with fermions were establishedtronger bounds on possible anomalow"W™y and
with great precision. However, similar confidence on othetW" W~ Z interactiong13]. There are in the literature several
sectors of the SM, such as the vector boson self-couplingtheoretical studies on the probes for these anomalous inter-
which are determined by the non-Abelian gauge structure ofictions on future® e~ [14—16 andpp [17] colliders.
the theory, is still lacking. Moreover, the SM does not fur-  An important tool for the search of new physics will be
nish any reasonable explanation for the replication of fermithe Next Linear CollideNLC), ane*e™ collider that will
onic families and their pattern of mass. have a center-of-mass energy of at least 500 GeV with an
In the search for an explanation for the fermionic generaintegrated luminosity around 50 Th [18]. At the NLC, it
tions, we face theories where the known partidieptons,  will also be possible to obtain a high energy photon beam via
guarks, and gauge bosorse composit¢2], and share com- the Compton scattering of a laser off the electron beam
mon constituents. In this case, the SM should be seen as ti£9,20. The so called laser backscattering mechanism will
low energy limit of a more fundamental theory whose mainallow to obtain reactions initiated by eithefe™, ey, or yy
feature would be the existence of excited states, with masat NLC.
below or of the order of some large mass scale In this work, we establish the optimum strategy to search
Searches for composite states have been carried out Bgr excited fermions in they mode of the NLC, which is
several collaborations of the CER& e~ collider LEP[3],  the most promising one for this purpose. The quest for ex-
and also from DESY electron-proton collider HER#. Re-  cited leptons can be carried out in all modes of the collider.
cent data from LEP experiments have excluded excited spirin e" e~ collisions, they can be pair produced provided that
3 electrons with mass up to 80 GeV from the pair productiontheir mass is below the kinematical threshold. Above thresh-
search, and up to 160 GeV from direct single production, foold the most promising process ie*e” is via the
a scale of compositenes/A>0.7 TeV'! (see below. t-channel contribution te@*e” —yv. In Ref. [11] it was
HERA experiments are able to exclude excited electronshown that better limits are obtained froewy collisions,
with mass below 200 GeV foi/A>4.9 TeV L. Bounds on  where the excited lepton can be produced as a resonant state
excited electron couplings have also been establisheih the s channel[11].
through the evaluation of radiative correctionsZfbwidth at This search for excited leptons, however, can be jeopar-
one-loop level5]. On the theoretical side, there have beendized by the misidentification of their signal with other pos-
extensive studies on the possibility of unravelling the exissible sources of new phenomena, such as the anomalous
tence of excited fermions ipp [6,7), e"e” [7-11], and gauge boson self-interactions. Therefore, it is important to
ep[9,10 collisions at higher energies. study how to isolate the excited fermion signal from the one
As pointed out above, another possible source of deviacoming from the anomalous triple vector boson coupling.
tion from the SM predictions, still allowed by experimental Recent comparison between the reach of NLC, operating in
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thee™e™ andey modes[16], shows that both options have comply with the strong bounds coming from the measure-
comparable sensitivity to the anomalo*W~y and ment of the anomalous magnetic moment of leptdis.
W*W~Z couplings. One must bear in mind, however, that In terms of the physical fields, the Lagrangiél) be-
the limits derived on theW*W~y couplings from the comes

e"e” mode are always dependent on further assumptions on
the structure of thaV*W~Z vertex, as bothWV* W~y and
W*W~Z couplings contribute to the process. In conse-
guence, one cannot rule out from the study of #ige™
mode, the existence of rather large anomalous trilinear gaugehereF =N, E are the excited lepton$=v,e, andCys is
couplings to the photon. On the other hand, the mode the coupling of the vector boson with the different fermions,
allows to single out the behavior of th&/* W~y coupling
and to derive a model independent limit.

We analyze here the deviations from the SM predictions
for the reactionsey— Wy, at \/S.e=500 GeV due to the
exchange of excited spig—fermions, and compare them e ,
with the deviations arising from anomalous trilinear gauge Czee=— 7 (T covy— 1" tandy),
boson couplings. We make a detailed study of the experi-
mental signatures of excited fermions and anomalous cou- e e
plings, exploiting the possibility of polarizing both the elec- CyNV:H(f_f,)ﬂ CZNv:H(f cothy+f' tandy),
tron and laser beams. We design the best strategy to identify
the origin of the signal. Our results show that this reaction
furnishes stronger limits than the standard reacdgn-ey Croe = Cun e € f &)
for excited electrons above the kinematical limit. Further- WE T EWNET 503 singyA
more, even when the excited electron does not couple to
photons, and therefore cannot be produced in thaevhereéd,, is the weak angle with ta,=g'/g.
s-channel, the existence of the corresponding excited neu- For the trilinear gauge coupling, we also write the most
trino can be detected in the singW®% production, via its generalC- andP-conserving interaction Lagrangian between
t—channel contribution. We also show how the use of polarthe charged gauge bosons and the photon which(ig .}/
ization allows the discrimination between the excited leptoninvariant[22]:
signal and the one due to the anomalous trilinear gauge cou-
plings. = _ie

The outline of this paper is the following. In Sec. Il, we
introduce the effective Lagrangians describing the excited

Leg=— D CVFfE)-MV(l_»ys)f&MVV‘FH.C., 2
V=7,2,W

e
CyEe=—H(f+f’),

T v T VAV T v
QY(W! WA — W WEPAY) 4 s W W, F i

fermion and anomalous gauge bosons couplings, and in Sec. hwf WEE?T 4

[l we present the main ingredients of the laser backscatter- Mg, ) @)
ing mechanism with polarized beams. Section IV contains

the analysis of the reactioey—Wv, and displays our re- For on-shell photonsg?=1 is fixed by electromagnetic

sults. Finally, in Sec. V, we summarize our conclusions.  gauge invariance since it determines iheelectric charge.
The coefficients«(\) assumes the value$Q) in the SM, and
Il. EEEECTIVE LAGRANGIANS are related to the magnetic momept,,, and the electric

) . quadrupole momeng,, of the W boson, according to
In order to describe the effects of new physics due to both

the presence of new excited leptons and to anomalous trilin- e e

ear couplings we make use of the effective Lagrangian ap- Mw:m(1+ ky,T\,) and Qy=-— M_Z(K'y_)\'y)'
proach. For the excited states, we concentrate in a specific w

model[9], which has been extensively used by several ex- |, his paper, we are interested in analyzing the influence
perimental collaborations8,4]. In doing so, we introduce the ot oth excited fermion and anomalous vector boson cou-
weak doublets, for the usual left-handed fermiof X and  pjing in the reactiorey—Ww,. The contributions of these

for the excited fermions¥*), and we write the most gen- ay particles and interactions are represented in Fig. 1 as
eral dimension-five effective Lagrangian describing the couyq,ple lines and black dot respectively.

pling of the excited fermions to the usual fermions, which is

SUR)XU(1) invariant andCP conserving, Ill. POLARIZED LASER BACKSCATTERING

1— T o Y The electron beam of a linear collider can be transformed
— * v d ¥
_ﬁ\y ot ngWW+g f EB“” yLrHc, into a intense photon beam via the process of laser back-
(1) scattering 19]. The basis of this mechanism lays on the fact
that Compton scattering of energetic electrons by soft laser
wheref and f’ are weight factors associated to the(8J photons results into high energy photons, collimated in the
and U1) coupling constant¢g andg’), with A being the direction of the incident electron.
compositeness scale, ang,,=(i/2)[ y,,,]. We assume a The backscattered photon distribution function for polar-
pure left-handed structure for these couplings in order tdzed electron and laser beams can be wrif2@ as

Ly
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FIG. 1. Feynman diagrams contributing to the process
ey—Wnr, in presence of excited fermion&ouble line$ and r ] _
anomalous vector boson couplifiglack do}. r ] -1 F ]

o v b b by sl b b b a g
0 6™105 2006 306 400 500 0700 200 300 400 500
E.n(GeV) E.n(GeV)

-0.75 |

2ma’ 1
F(x,£;Pe,P|)=—2—§m > —1_X+1—x—4r(1—r)
Cc

FIG. 2. Photon energy distribution and the circular polarization
distribution as a function of the subprocess energy, for different

—PePird(2r=1)(2=x) |, ) polarization configurations of the electron and laser photon.

whereP, is the mean electron longitudinal polarizatidh,is _i B Y
the laser photon circular polarization, and is the Compton &= D Perd[1+(1=x)(2r=1)7]
cross section, which can be written as

1
-P2r—1)|——+1—x];, 9
0=+ PP o, (6) | ) 1-x } ©)
with where
1
2ma? ( 4 8) 1 8 1 D=-——+1—x—4r(1—r)—P.Pr{(2r—1)(2—

0_ re2r—1)(2—x).

=——||1-=— =N+ D)+ s+ =-———=], 1-x €
o [\ /M et e e 10

1_27Ta2 1 2 | 1 5 1 Forx=x max(orr=1) andP.,=0 or Pj=*1, we have

Oc™= m? + I3 n(¢{+1)- §+ (+1 2(Z+1)2 &,=—P,, i.e., the polarization of the backscattered photon

(77  beam has the opposite value of the laser polarization. One
can also see that fox={¢/({+2) (or r=1/2) the Stokes
We have defined the variables parameteré, is independent of the laser polarizatipsee
Fig. 2(b)], and is given by
w 4Ew, X
E T "Tax ® r=12_p 46F2)
2 CLL+2)+4°

(11)

wherem andE are the electron mass and energy,, is the ) i ,

laser energy ana is the backscattered photon energy. The 1 N€ €ross section for the reactigre— X in an electron-
variablex<x,=2/({+1) represents the fraction of the elec- positron Ilnea_lr cplhder vv_here the positron beam, with longi-
tron energy carried by the back scattered photon. A cutoffudinal polarizationP,, is converted into a backscattered
value £=2(1+v2)=4.83 is assumed in order to avoid the Photon beam, is given by

threshold for electron-positron pair creation through the in- .
teraction of the laser and the backscattered photons. Thg, ; (76—>X)=KJ maxdxF(x,g;Pp,PQdc}p L (Ey—X),
backscattered photon spectriB) depends only on the prod- ez &2

Xmin
uct P¢P,, and as can be seen from FigaR for negative 12
values of this product the spectrum is dominated by hard ) o )
photons. wherex is the efficiency of the laser conversion of the elec-

A very powerful feature of the Compton backscatteringtrons into photons andop ¢, is the polarized cross section
mechanism is the possibility of obtaining a high degree offor the subprocesge— X, which is a function o§=xs. In
polarization for the backscattered photons by polarizing theur calculation we assume that 100% of the electrons are
incoming electron and the laser beams. The mean backscatonverted into photons«(=1).
tered photon helicity is given by the Stokes parameter The polarized subprocess cross section can be written as
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FIG. 4. W boson kinematical distributions in the presence of
FIG. 3. Tranverse momentum distribution W bosons in the ~COMPposite states, compared to the SM predictions,ffef’ =1,
presence of an excited electron withe=350 GeV, compared to andMe=A =500 GeV.
the SM prediction, fof=f'=1, andA=1 TeV.

Mg=350 GeV at are" e~ collider with \/s=500 GeV. We
introduced a cut of 15° in the polar andlé) of the detect-
able final state particles with the beam pipe to ensure their
. . . detection. We also assumed a reconstruction efficiency of
+(Pet &) (do —do_ )+ (1~ Per)(doy 60% for the producedV's. As expected, the existence of
+do_ )+ (Pe—&)(doy _—do_ )], (13)  excited states with mass below the kinematical reach of the
ey collider provides an very clear signal, the Jacobian peak
with d‘}ke%y (Ae(yy=*1) being the polarized subprocess at pr~M¢g/2. This situation will be no longer considered

cross section for full electron and photon polarizatiBy,is here, since our main concern is the possibility of misidenti-

the longitudinal polarization of the electron beam, and thdication of new physics effects on the NLC, and in this sce-
Stokes parameteg,, is given in Eq.(9). nario, the existence of excited fermions can easily be set

apart from the anomalous vector boson contribution.

For excited leptons above the kinematical limit of the col-
lider we still find an enhancement on the total cross section
A. Excited fermions signature due to thes-channel contribution. We also find an effect in

The standard mechanism to establish the existence of atHe Q|str.|but|on of the produced/. We have §|mu|ated these
excited electron with mass below the kinematical reach ofliStributions forMe=A =500 GeV andf=f". We present
the ey machine is the identification of the Breit-Wigner pro- ©1 Fig. 4 the transverse momentum distribution, and the
file in the ey invariant mass distribution of the process @ngle between th&V and the electron beam direction for
ey—ey [11]. This is obviously only possible when the ex- unp.olarlzed .beams. As seen in the figure, the ex!stence of
cited electron couples to the photon, i.6# —f’ [see Eq. excited fermions leads to an enhancement/gdroduction at
(3)]. On the other hand, the reactien— W, is sensitive to  large pr which reflects the tail of the jacobian peak. In the
both the exchange of the excited electron in thehannel angular distribution of then the effect of composition is
and to the exchange of the excited neutrino intiteannel  very small.

(see Fig. L The characteristic signature of the excited lep- The process mediated by the exchange inttbkeannel of
tons will therefore depend on the excited fermion mass anéxcited neutrinos coupled to photons takes place when
on the relative weight of the-channel versus thechannel  #f’, and gives a much smaller effect. This process is par-
contribution or, in other words, the relative sizesfolind ticularly interesting in the extreme situation whér —f’

fr. since, in this caseC g, vanishes, and just the-channel

As in the reactiorey—ey, the existence of an excited diagram contributes. This contribution gives rise to a de-
electron with nonvanishing coupling to the photon and withstructive interference which diminishes the towl yield,
mass below the kinematical reach of #gcollider, can also  without altering the shape of the transverse momentum and
be easily identified in the reactioey—Wwv, but now angular distributions in a significant wagee Fig. 5.
through the study of th&V transverse momentum distribu-  In order to estimate the reach of ar collider to search
tion, do/dpy. For illustration, we present in Fig. 3 thgr  for new physics, we defined the statistical significance of the
distribution of thew produced in the reactiogry—Wv,, for  signal(S) as

~ 1 R A
d6p,¢,= 7[(1+Pefo) (s +di )

IV. RESULTS
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FIG. 7. Discovery contour for composite neutrinos, for
f=—1f'. Inside the shaded regions, deviations from SM are greater
than 3r. We excluded the unphysical region wheYecMy .

FIG. 5. The same as Fig. 4, foff=f'=-1, and
My=A =300 GeV.

S= |U”e"‘:s""‘ VLeo (14)  ized photons theW channel leads to stronger limits than the
Osm ey channel which has large background coming from Comp-
ton scattering. However an excess in the production is a
whereo e, (osy) is the total cross section for new physics definite signal of compositeness, since there is no contribu-
(standard modglcontributions, andCe. is the integrated lu- tion of anomalous couplings in this channel. Moreover, as
minosity of the machine. We will assum&,=50 pb * for  mentioned above, if the weight factofandf’ are such that
the NLC. In order to ensure that the event is well within thef=—f’, the signal of composition on they production will
detector volume, we restrict the polar angle of all detectablelisappear completely, but survive on singh production
final particles with the beam pipe to be smaller than 15%hrough the exchange of a neutral composite fermion on the
(|cos 6=<0.97). With this requirement, we assumed that 60% channel. The discovery limit of the NLC for such neutral
of the producedV'’s can be properly reconstructed. states is shown in Fig. 7.

In Fig. 6, we show the discovery limits for the composite  Polarization can be used to improve the discovery region
state in theA X Mg plane for bothey and Wy, final states, in the A XM plane through the enhancement of the luminos-
requiring a 3 effect in the total cross section. For unpolar- ity and the cross section. The photon distribution functions

assume approximately the same value xat [/({+2)
=0.71, even for different polarization configurations of the

ool T ”;%\9000 T initial particles (see Fig. 2 In the interval O<x<Xx, the
3 i R ey = Wrey 5 oo b - ey%w”i luminosity is higher forP,P,>0, whereas for the range
o —\</80 : T ey —> ey ] x>x the distribution withP,P,<0 dominates. Therefore, in
2000 L 1 7000 B 7 75 order to search for excited electrons with mass above
| EZZ2 unphysical] oo : Unphysica] Me= yxs, we should employ the polarization configurations

of the positron and the laser in such a way tAgP,<0. The
degree of circular polarization of the scattered phot®n,

has the same sign as the positron polarization in the region of
interest. Because of the chiral nature of the weak interac-
tions, just left-hand electrons will produd#’s, and there-
fore, only electrons and photons with negative helicity con-
tribute to the exchange of an excited electron in the
channel. In this case, the best strategy is to require that the
electron and positron have negative polarization, while the

Unpolarized | Polarized

3000 H_

4000

2000
3000

1000 2000

1000

N7 i o s laser is set up with positive polarization. We assume that
500 600 700 900 00 800 700 80C 900 90% of beam polarization is achievable at the NLC and that
M, (GeV) Me (GeV) the laser can be 100% polarizéc., Po- =P.+=—0.9, and

P,=1). With this setup the discovery region can be enlarged

FIG. 6. Discovery contour fof =f’=1. Inside the shaded re- as much as shown on Fig. 6. . _
gions the deviations from SM are greates.3We excluded the The situation changes when we are dealing with the pro-
unphysical region wherd <M. cess involving the excited neutrino. As before, just left-
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FIG. 8. Effects of a variation oAk, in W kinematical distri- FIG. 9. Effects of a variation on. in the W distributions
butions, compared with the standard mod&k(,=0). compared with the standard modal = 0).

handed electrons will participate in the reaction and again Polarization has also proven to be very useful to unravel
one must choosB.- <0, but now the photon line is attached the existence of anomalous couplings, and the discovery lim-
to the final state neutrino, and consequently, just the positivés for anomalous couplings have been extensively covered
helicity photons couple to the fermionic line. According to elsewherd15]. In what follows we will concentrate on the
the discussion above, to obtain a highly energetic and pospossibility of distinguishing these effects from those arising
tively polarized photon beam, we must set the positron pofrom the existence of the excited leptons.
larization to be positive R.+=0.9) and the laser polariza- Let us now discuss the different scenarios we can face
tion to be negative By=—1). However, one must also when the NLC starts its operation. It will probably start on
notice that in this process, when the positron and laser havigs unpolarized mode, in order to be as “democratic” as
positive polarization, most of the photons have positive hepossible to discover new physics. The first observable that
licity (except the very high energy oneshile, at the same the accumulated statistics will allow to measure is the total
time, the SM background coming from the diagram withcross section. From what we saw above, the effect of new
self-boson interaction is reduced. Due to this reduction, thghysics can either increase or decrease the Wtaroduc-
configurationP,- = — Pg+=—0.9 andP,=1 leads to better tion.
limits as can be seen in Fig. 7. If the number of producedlV’s is greater than expected,
one should just look into they events that will be produced
) . at the same time. As we saw, in the framework where com-
B. Anomalous gauge boson couplings: Comparison position leads to an enhancement on the total sigleross

Let us now examine the consequences of the existence 6€ction, theey channel is also very sensitive to the presence
trilinear anomalous couplings in the singhé production. In  Of excited leptons. An increase in tee cross section would
order to clarify the effect of each of the two possible anomadindicate that the excess &V is due to the existence of an
lous couplmgs{AK and\ ) we envisaged two distinct sce- excited electron. If no excess is seen in ¢hechannel, like-
narios, by keepmg just one of them different from zero at dihood fittings to the angular and transverse momentum dis-
time. In Fig. 8, we show the angular and transverse momerifibutions will be able to determine the anomalous coupling
tum distributions for different values af«x,=1—«, while ~ parameters leading to such deviations.
keeping\ ,=0. We can see from these figures that the only On the other hand, if the total cross section is smaller than
effect of varylngAK7 is to increase or decrease the total predicted by the SM, two possibilities remain: the trilinear
cross section depending on its sign, while producing smal¢oupling is anomalous with the value &fc, <0, or, (i) the
effect on the shape of the distributions. The number of ob€Xcited neutrino exists, and its gauge structure is such that
served events is largésmalley than the SM expectation for f=—f'. To tell these two possibilities apart, we define the
Ak, >0 (Ak,<0). polarization asymmetry

Conversely, in Fig. 9, we show the angular and transverse
momentum distributions for different values af, while -
keepingA x,=0. We can see in these figures that the cross P Ao, Ao
section is always larger than the SM prediction for any sign
of the coupling\ . The presence of a nonvanishing also where, for instance,
increases the number &/'s produced in the central and M obs
forward direction and of those produced with high. Aoy _=03"—0,= (16)

Ao, _—Ao_, 15
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V. CONCLUSION

~0.02 | 2‘6 g i In this work, we have studied the deviations from the SM
3 < T predictions for the reactioney— Wu, at y/Sq.=500 GeV
< 0.5 due to two possible sources of new physics. We have ana-
-0.05 T ’ lyzed the effect associated to the existence of excited spin—
i : fermions, and we have compared them to those arising
. 0.4 from anomalous trilinear couplings between the gauge
—0.04 7 bosons. We have discussed how the use of polarization can
0.3 improve the reach of the machine in the search for excited
005 | fermions. Our results show that this reaction can furnish
o stronger limits than the standard reacteyn— ey for excited
0.2 electrons above the kinematical limit. We have shown how,
006 | by setting up the electron, positron, and laser polarizations,
] 01 we can be sensitive to scales, up to 9 TeV, which is twice
the bound obtained just with unpolarized beams. Our results
—0.07 | . show that excited electrons coupling to photons with strength
T AT S

e can be ruled out foMg=<1 TeV. In addition, the simulta-
neous analysis of botey and Wy, channels allows to dis-
criminate the excited electron signature from the one due to
the presence of anomalous trilinear gauge couplings which
&ould lead to the same increase in the totalield.

Single W production is also the main channel to look for
excited neutrinos when the corresponding excited electron
o . does not couple to photons. In this case, we get a reduction
measures the deviation from the SM prediction when they, the number of events, as compared to the SM prediction,
positron and laser polarizations are sB{+=0.9 and  qye to the destructive interference between the SM contribu-

SRR wluad
~05-04-05-02-01 0 300 400 500 600
Axe My(GeV)

lous couplings withA x, <0 and in models with excited neutrinos
for f=—1'=1, andMy=A.

Pi=-1, always keepingP-=—0.9. Correspondingly, tjon and the one due to the exchange of the excited neutrino
Ao_, measures the deviation from the SM prediction forj, thet channel. This reduction is significative enough to rule
Pe+=—-0.9 andP;=1. out excited neutrinos witlviy<1 TeV. Anomalous trilinear

In Fig. 10, we plotA, for the two type of models here oy plings with very smalk, andA x,,.<0 would also lead to
considered. As seen in this figure, the asymmetry due to thg gecrease in the number of events which could fake the
presence of anomalous trilinear gauge couplings0 and  exjstence of an excited neutrino. For this case we have intro-

Ak,=0 is always negative and very small. On the contrary qyced a polarization asymmetry which is sensitive to the
the presence of excited neutrinos would yield a larger posiyyigin of the deviation.

tive asymmetry. This occurs because photons with both po-
larizations contribute to the anomalod , term, while only
positive helicity photons enter in the excited neutrino contri-
bution. Therefore in both configurations the reduction in the
cross section due to the negatidex, is of the same order M.C. Gonzalez-Garcia is grateful to the Instituto dei€a
and the corresponding asymmetry is small. However in th@earica of the Universidade Estadual Paulista for its kind
configuration(+—), since most of the high energy photons hospitality. This work was supported by Fundaade Am-
have positive helicity, the effect of the excited neutrino con-paro aPesquisa do Estado dedSRaulo, by DGICYT under
tribution is enhanced and the destructive interference i$rant No. PB95-1077, by CICYT under Grant No. AEN96-
larger. Consequentipo, _>Ao_ ., what gives a positive 1718, and by Conselho Nacional de Desenvolvimento Cien-
and larger asymmetry. tifico e Tecnolgico.
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